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1.0 SUMMARY 


The program L215 (INTERP) is a modal interpolation program designed to determine 
specific motions at desired aerodynamic control points. The motions obtainable are 
translations normal to the surface and surface slopes, which are parallel and 
perpendicular to the freestream direction. 

The program performs the interpolation process in two stages. First, using the modal 
data generated by a vibration analysis, a set of interpolation coefficient arrays (SA 
arrays) are formed. Second, the SA arrays are used with aerodynamic control-point 
geometry data, to calculate the needed surface motions at the control-point locations. 
Either phase may be executed separately, with the data saved from each phase on a 
magnetic file (tape or disk) for later use. 

Modal data consists of nodal locations and nodal displacements that describe the shape 
of each vibrational mode (mode shape). This data can be subdivided and rearranged to 
best meet the user's needs. Nodal locations may be input in reference axis or local axis 
system coordinates. Mode shape data can be input in combined freedom form (one 
matrix containing all allowed nodal displacements) or in single freedom form (separate 
matrices with each matrix containing a specific type of displacement for all nodes) and 
the number of modes can be reduced or increased as desired. Modes describing rigid 
control surface rotations can be added to the basic set of input modes. 

Five types of interpolation methods are available for use: motion point, motion axis, 
beam spline, surface spline, and polynomial. Care must be exercised in matching the 
type of modal input and the desired use of the interpolated motion with the type of 
interpolation method chosen. 

The only theoretical assumption made in the interpolation program is that all 
displacements described by the mode shapes are defined in the local aerodynamic 
surface. No displacement transformations are applied to the input mode shapes. 

The output from L215 consists of: 

• Sorted input mode shapes and node locations 

• SA arrays 

• Interpolated displacements consisting of surface translations and slopes 



The significant program restrictions are: 

• All interpolated slopes are given parallel and/or perpendicular to the freestream 
direction. 

• The beam spline interpolation method will yield slopes perpendicular to the 
freestream direction only if mode shapes for the beams contain these 
displacements. 

• Problem size for any one surface is governed by the SA array size limitation of 
10 000 words. 
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2.0 INTRODUCTION 


The computer program L215 (INTERP) was developed for use either as a standalone 
program or as a module of the program system called DYLOFLEX developed for NASA 
under the contract NASI- 13918 (ref. 1). The modal interpolation program (L215) was 
designed to meet the DYLOFLEX contract requirements as defined in reference 2. These 
requirements specify the need for a program capable of calculating displacements at 
several points on an aerodynamic surface from modal data generated in a structural 
vibration analysis. The program was developed using existing BCAC/BCS interpolation 
subroutines.^ 

The objective of this volume is to aid those persons wishing to use the program. To meet 
this objective, the following items are discussed: 

• The engineering and mathematical equations used to formulate the problem 

• Program structure and design 

• Guidelines to the actual use of the program. 

A sample problem is also presented in this volume to aid the user in the execution of 
the program. 


^ ATLAS - An Integrated Structural Analysis and Design System **System Design Document,” 
D6-25400-0002TN, and "User’s Manual - Input and Execution Data,” D6-25400-0003TN. Boeing 
Commercial Airplane Company, 1974. 


3 



3.0 SYMBOLS AND ABBREVIATIONS 


Below is a list of items that appear in the discussion of this document except section 
6,5.1 (card input).. 

Engineering 

Notation Definition 


C|j Coefficients used for the polynomial interpolation method. 

Co,Ci,C 2 ,C 3 Coefficients of the cubic function used in the cubic spline techniques. 

dS^/dx Surface slope parallel to the freestream direction. 


dSz/dy 


Surface slope perpendicular to the freestream direction. 


LAS Local axis system. 

N Number of nodes used for interpolation. 


n 


Highest order of the polynomial, function used for the polynomial 
interpolation method. 


A 

n 


Unit normal. 


R 


Perpendicular distance from the control surface hinge line to the point 
of interest on the control surface. 


[R] Euler rotation matrix. 

RAS Reference axis system. 


n 


Radial distance from the ith node on the surface to a point of interest 
on the surface. 


Ar 


Distance from the attachment point on the motion axis to the output 
point (measured positive for output points forward of the motion axis). 


Sk 

xg,yg,zg 


Smoothing factor for surface spline. 

Local axis system coordinates of a point on the surface. 


*Ho-yHo 

XOr,YOr,ZOr 


Coordinates of the inboard end of the control surface hinge line. 
Coordinates of the outboard end of the control surface hinge line. 
Reference axis system coordinates of the local axis system origin. 
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Xr,Yr,Zr 

*£ ’^8 ’^8 
* s * s * s 

^*SH>^ySH 

®x>8y>®z 

^Zp>®x r’^yp 
Szp,flXp.eyp 

®x>®y>®z 

[4>] 

</>,0,i|( 

y 

'I's 

yA 

Ar 

Ah 

ai,* ■ aNi«N+l» 
«N+2»«N+3 


Reference axis system coordinates at a point. 

Local axis system coordinates of an output point. 

Local axis system coordinates of a node point. 

Offset distances between the node point and the output point (defined 
in the local axis system). 

Local structural axis system coordinates of a point. 

The desired x and y shift between the local structural axis system and 
the local aerodynamic axis system; (OFFX, OFF Y) are the variables 
used inside the program. 

Nodal translational displacements defined in the x,y,z direction. 
Displacements at the motion axis reference points. 

Dependent surface displacements. 

Parent surface displacements. 

Nodal rotational displacements defined about the x,y,z axes. 

Rotation of the control surface about its hinge line. 

Mode shape matrix. 

Euler rotation angles. 

Desired dihedral correction to be applied to interpolated data. 

Surface dihedral angle 

Unit normal orientation with respect to z reference axis in degrees. 

Orientation angle of the attachment line used in the motion axis 
interpolation method. 

Sweep angle of the control surface hinge line. 

Coefficients for the surface spline interpolation function 
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4.0 ENGINEERING AND MATHEMATICAL DESCRIPTION 


4.1 CONCEPT OF SURFACES 

In finite-element-type aerodynamic methods, components such as flat plates used for 
lifting or thin body representations, bodies of revolution used for slender body 
representations, and polygonal cross-sectional cylinders used to represent interference 
bodies are employed in various combinations when aerodynamically modeling an 
airplane. The calculation of aerodynamic forces for each of these elements usually 
requires normal motions and freestream slopes at aerodynamic control points on the 
elements. It is often the case that vibration analyses, which can use modelings ranging 
from simple beams to complete finite element representations, calculate motions at 
nodal points that are not directly applicable to the aerodynamic modeling. Also, the 
aerodynamic idealization may often be varied without necessitating a change in the 
vibrational model. It is necessary, therefore, to be able to interpolate the modal data for 
the required motions at the aerodynamic control points. 

In order to give the analyst the versatility of using a variety of vibrational analyses 
with various aerodynamic modelings, it is necessary to be able to regroup, rearrange, 
and reorder the modal data into subsets that best fit the chosen aerodynamic modeling. 
These subset divisions shall be called surfaces. It is not necessary to have a one-to-one 
correspondence between the modal subsets, or surfaces, and the aerodynamic bodies. For 
example, the modal data grouped into one set of surface data may be used to derive 
interpolation data for a slender body element and a related interference body element. 
On the other hand, two different surface groupings may be necessary to develop the 
interpolation data for a thin body that contains a movable control surface, or for a 
slender body that is capable of both vertical and lateral motions. User understanding of 
the aerodynamic modeling used and of the modal data being input, is required for 
proper surface divisioning. 

4.2 AXIS SYSTEMS AND DISPLACEMENT SIGN CONVENTIONS 

The interpolation program utilizes two basic types of axis systems, the reference axis 
system (RAS) and the local axis system (LAS). Both are right-hand systems. 

Local axis systems are defined for each surface, and all the interpolation data that 
pertains to a surface is defined with respect to its local axis system. In defining a 
surface’s local axis system, two rules must be followed: 

• The local x axis must lie in the freestream direction with the positive x direction in 
the direction of the flow. 

• The y axis must lie perpendicular to the flow with its positive direction pointing in 
the direction of increasing span. 
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The reference axis system is used to define the spatial relationships between the 
various surface local axis systems. Its function is purely geometrical, and it is advisable 
to maintain the same reference axis system throughout the analysis. A typical axis 
system orientation is shown in figure 1. 



Figure 1.— Axis System Orientations 


L215 (INTERP) assumes that for each interpolation surface the input modes used to 
formulate a surface's interpolation arrays are defined in the plane of the surface. For all 
interpolation methods, except motion axis, the input modes must be oriented in 
directions that are parallel and perpendicular to the freestream. The motion axis 
method can accept motion oriented perpendicular and parallel to local motion axis. The 
sign convention used by INTERP in forming the interpolation arrays is shown in 
figure 2. The ability does exist in INTERP to input modes defined in a sign convention 
different from that shown in figure 2. 



4.3 COORDINATE TRANSFORMATION 


The location of any point can be expressed in reference or local axis coordinates. The 
transformation from one axis system to another is accomplished by applying the 
following transformation equation: 




1 

fx-xo' 



■ = [R] 

Y- YO 

where: 

l^J 

c 1 

[z-zo, 


xg,yg,zg 


= Local axis system coordinates of a point in space 


Xr,Yr,Zr 


= Corresponding reference axis system coordinates 


XOpi,YOi^,ZOr = Reference axis system coordinates of the origin of the local axis 
system 

[r] = Euler rotation matrix which rotates the reference axis system into 

the local axis system 

The transformation described by equation (1) consists of a translation that moves the 
reference axis system to the origin of the local axis system and a rotation that rotates 
the translated reference axis system into the local system (see fig. 3). 



Figure 3,— Coordinate Transformation 


The rotation matrix [R] is defined by performing one to three order-dependent rotations 
and is written as: 


[R] = [R3][R2][Ri] 


( 2 ) 
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where [R^] = the ith rotation matrix about an axis. The subscript i signifies the order 
of rotation. The rotational matrices that describe the rotational transformation about 
any one axis are: 

about the x axis: 


[R^l 


about the y axis: 


[Rfl] 


1 

0 

0 


0 

cos (j) 

sin 


^0 

-sin <t> 

cos 



cos 6 

0 

-sin 

d 

0 

1 

0 


sin 6 

0 

cos 

e 


about the z axis: 


[R^] 


COS \l/ sin \j/ 0 

-sin \l/ cos \p 0 

0 0 1 


(3) 


(4) 


(5) 


Thus the rotation matrix in equation (2) is built up from the proper combination of the 
matricies given in equations (3) through (5). For example, for the rotation illustrated in 
figure 4 where the first rotation is about the y axis of the reference axis system, the 
second rotation is about the moved x axis, and the final rotation is about the z axis of 
the local axis system, the rotation matrix is given by: 


[R] - [R,//ltR0][R0] 


(6) 
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A more detailed discussion of Euler angle definition can be found in reference 3 . 

The program places one restriction on the formation of equation ( 2 ). No two rotations 
may be about the same axis. One may not rotate first about the x axis, for example, 
then about the y axis, and finally about the x axis again. Rotations must take place 
about three different axes. 


4.4 MODAL INTERPOLATION METHODS 

The function of the interpolation program is to determine translations normal to an 
aerodynamic surface, and freestream slopes of the surface at points on the surface 
known as aerodynamic control points, from modal data generated by the user’s 
vibrational analysis. The modal data consists of mode shapes and nodal coordinates. 

The interpolation process is performed in two steps. First, nodal data, transformation 
data, and mode shape matrices [<#>’s] for each surface are used to construct an array of 
interpolation coefficients called SA arrays. Second, the SA arrays for each surface are 
then used with the aerodynamic control-point locations for each surface to determine 
the translation normal to the surface, 82, the surface slopes parallel to the freestream, 
dS^/dx, and the surface slopes perpendicular to the freestream, d82/dy. 

Five interpolation methods are available for use. All methods except one require mode 
shapes defined in the local axis system of the surface. The type of method chosen for a 
surface is dependent upon the type of vibration analysis performed (i.e., beam vs, finite 
element) and the type of aerodynamic body to which it will apply. 

Table 1 lists some typical uses of the different interpolation methods. The selection of 
any one method for interpolation on a surface is left completely to the discretion of the 
analyst. Since the quality of interpolated results is affected by such factors as 
smoothness of the modal input, distribution of the input nodes over the surface, the 
value of various parameters associated with each method, and the location of output 
nodes; it is only through the experience of using the different methods that an analyst 
can be assured of obtaining good interpolation results. When performing interpolation 
on a surface for the first time, it is recommended that the user examine the interpolated 
output to insure the proper results are being obtained. The following is a discussion of 
each method. 

4.4.1 MOTION POINT 

The motion point interpolation method uses modal displacements defined at a single 
node point to determine the motion at any set of output points (see fig, 5 ), For example, 
in a vibration analysis a nacelle may be modeled as a rigid body attached to a wing. In 
such a case, the motion of the nacelle is defined by the modal displacement of its center 
of gravity. Using the center of gravity as the input node, motion point can be used to 
determine the required displacements at the various control points of the slender body 
used to aerodynamically model the nacelle. 
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Table 1, — Typical Interpolation Method Uses 


Interpolate on 
method 

Source of modal data 
for a surface 

Type of aerodynamic body surface 
represented 

Motion point 

Motion defined 
at a single node 

Nacelle, fuselage, 
control surface 

Motion axis 

Motion defined on 
elastic axis 

vying, horizontal tail, 
vertical tail, fuselage, 
control surface 

Surface spline 

Finite element 
analysis 

Wing, horizontal tail, 
vertical tail, control surface 

Beam spline 

Finite element 
analysis 

Wing, horizontal tail, 
vertical tail, control surface 

Polynominal 

No modal input 

All aerodynamic 
bodies 



Figure 5.— Motion Point Interpolation 
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The determination of the output motion is made using the small angle rigid body 
displacement transformation, equation (7): 




"i 

0 

0 

0 Azg 

-Ayg 


N 

Sy 


0 

1 

0 

-Azg 0 

Axg 




. = 

0 

0 

1 

Ayg-Axg 

0 


5z 



0 

0 

0 

1 0 

0 





0 

0 

0 

0 1 

0 



w\ 

0 

_0 

0 

0 

0 0 

1 


i^z) 


node 


(7) 


The quantities Axg,Ayg, and Azjg represent the local axis system offsets between the 
input node and the output point. They are defined by; 

Axn = Xn - X n 

X Xq Xj^ 

( 8 ) 

Azn - Zn - Zp 


The capability exists to orient the final motion to a surface that makes a dihedral angle, 
7, with respect to the local Xg, y^ plane, equation (9): 

5z = 5 (cos 7)-5„ (sin 7 ) 

o y o 

de^/dx = - cos 7 + sin 7) 
dS^/dy = 


Though input motion for motion point may consist of all six displacements, when used 
with the DYLOFLEX system only three displacements, 82, 6 ^ and ^y, should be used. 
This restriction is a result of the way other DYLOFLEX programs use the interpolated 
results. For bodies that experience both vertical and lateral motion (such as nacelles), 
this restriction will require the formation of two interpolation arrays; one with its local 
z-axis lying in the direction of vertical displacement and the second with its local z-axis 
lying in the direction of the lateral displacement. 

4.4.2 MOTION AXIS 

The motion axis interpolation method is most commonly used to determine the 
displacements and slopes on lifting surfaces and slender body axes when the mode 
shapes are generated from a lumped mass-beam model. In such cases, the modal 
displacements are associated with nodes that lie in a plane and define an axis composed 
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of straight line segments (e.g., the elastic axis of a high-aspect-ratio wing, or the hinge 
line of an aerodynamic control surface). The motion axis itself is defined by a series of 
definition points that have a reference line associated with them. The orientation of the 
reference lines is established by the user, and does not have to lie perpendicular to the 
motion axis (see fig. 6). The functions of the reference lines are to establish the 
interpolation regions over the surface and to determine attachment locations of the 
desired output points on the motion axis. 


Zg (+ UP) 



Figure 6.— Motion Axis Interpolation 

Within each interpolation region, the motion axis is described by a cubic spline 
(eq. (10)); which is generated from the x-y coordinates of the motion axis definition 
points: 

x = Co+C,y+C2y2+C3y3 yi<y<yi+, (10) 


where: 

yi»yi-l-l “ Inboard and outboard y locations of the ith interpolation region 

Co,Ci,C 2 ,C 3 = Cubic coefficients for the ith region 

With the motion axis represented in this manner, the first and second derivatives will 
be continuous while maintaining a minimum of curvature over the interval (x|, y|) to 
(xi+i,yH-i). It is important to note that in modeling an elastic axis that consists of 
straight line segments, care must be taken in choosing the proper location and number 
of motion axis definition points. Definition points should be placed as close to the axis 
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breakpoints as possible, and a sufficient number of points should be included in between 
breakpoints to keep the amount of curvature introduced by the cubic function to a 
minimum. 

The closeness of the definition point spacings is a function of the associated reference 
line orientations. In order to obtain best results, it is advisable to have two adjacent 
reference lines intersect off the surface of interest (see point C of fig. 6). Thus, to meet 
this guideline, the spanwise spacing of motion axis definition points is a function of the 
relative difference between the respective reference line orientations and the size of the 
surface of interest. 

The motion axis method uses only three of the six possible nodal displacements, vertical 
translation and the two rotations and Oy). The rotations may be oriented 
parallel and perpendicular to either the freestream or the motion axis. Again, when 
used for bodies that experience both vertical and lateral motion, two separate SA arrays 
must be formed; one with its local z axis lying in the vertical displacement direction and 
the second with its local z axis lying in the lateral displacement direction. 

The motion at a desired output point is found by first determining into which region the 
output point falls. Use is then made of the orientations of the reference lines defining 
the region to determine the point of attachment of the output point on the motion axis. 
If the reference lines defining the region are parallel (as is the case with point A, fig. 6), 
then an attachment line is drawn from the output point to the motion axis with the 
same orientation as the two reference lines. If the reference lines are not parallel (as 
with point B, fig. 6), the determination of the attachment point becomes more involved. 
First, the intersection of the two reference lines is determined (point C of fig. 6). This 
point is known as the segment mapping point. Next a line is drawn from the mapping 
point to the output location. This line becomes the attachment line of the output point, 
^rhe intersection of this attachment line with the motion axis defines the point of 
attachment of the output point. This point is known as the output point’s associated 
reference point. Displacements at the reference point are then determined by using 
cubic spline functions in arc length, defined over each interpolation region, to 
interpolate from the nodal input points to the reference point. 

Motions at the reference point are then transformed to the output locations along the 
rigid attachment link. The transform equations are: 




/dx 

II 

1 

d6„ /dy 

= ®x 


[cos (Aj.) 



- sin (Aj.) ] Ar 


( 11 ) 
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where: 

^ Vertical and rotational displacements at the reference point 

5- ,d5^ /dx, = Vertical displacements and slopes at output locations 

d5^ /dy 

Ap = Orientation angle of the attachment line 

Ar - Distance along the attachment line from the attachment 

point to the output point {positive for output point forward 
of motion axis) 

4.4.3 BEAM SPLINE 

The beam spline interpolation method is an extension of the motion axis method. This 
method ia ordinarily used to determine displacements and slopes on lifting surfaces 
using modal data determined by a finite element analysis. In the beam spline 
technique, motion is defined along two or more beams that lie in the x-y plane of the 
surface. This motion consists of translations normal to the surface ($ 2 ) und rotations 
and ^y) that must be defined parallel and perpendicular to the freestream. The 
relationship of the beams with respect to each other may vary from parallel to 
intersecting, with the only restriction being that any streamwise interpolation must be 
performed over a minimum of two beams (see fig. 7). 



X Intersection points 


Figure 7.— Beam SpHne Interpolation 


15 


Cubic spline functions of the form used in the motion axis method are determined for 
each beam, using the nodal locations assigned to each beam. These functions are 
con^bined with the node] motJons to generate a set of cubic functions in arc length (one 
for each beam) that are utilized to interpolate for motion at intersection points on the 
beams. The intersection points are determined by a streamwise cut made at the output 
point locations. The interpolated motion at the intersection points along any one 
streamwise cut form the set of data needed to generate a cubic function for each 
streamwise cut. The motion at the output points are then determined using the final set 
of streamwise cubic functions. 

In some instances, beams may not extend the full span of the interpolation surface (see 
fig. 8). The user can extrapolate the input data of the shortened beams in the outboard 
and/or inboard direction. It is stated previously that to form the streamwise cubic 
functions used to interpolate to the desired output nodes, a minimum of two intersection 
points are required. This extrapolation capability allows the formation of the 
streamwise cubic function at locations on the surface where only one beam may be 
present. As is the case with all extrapolation processes, the results of the extrapolation 
should be examined by the user to insure their validity. 



S /npuc nodes 
A Output locations 
X Imerseciicjn points 


Figure S. — Seam Spline Extrapolation 


4AA SURFACE SPLINE 

The most general form of interpolation is the surface spline technique. This method uses 
the vertical deflections, which are defined on a surface in a finite element analysis 
to develop a set of interpolation coefficients. The coefficients are determined by using 
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the solution to the differential equation of a circular isotropic plate of infinite radius 
subjected to point loads and pinned at the edges. The resulting expression for the 
deflection at any point is: 

N 

5zU.y) = 2 ) + o:n+2X + "n+SV (12> 

i=l 


where: 

= (X - X|)^ + (y . yi)^ 


N 


Number of nodes on the surface 


«i.«N+l»Q^N+2.«N+3 


Interpolation coefficients 


The interpolation coefficients are solved for, by using equation (12) to generate a set of 
N equations: 


N 

5z(Xj,yi) = 2 [«iqj^'2n(rij^)l + «N+1 + “N+2’^i + “N+S^i 

i=l,N 

.2 .(Xi-Xj)2 + (yj-yp2 


along with the three additional equations: 


N N 


E«i-E 


“i’‘i 


N 

£ aiyi = o 


i=l 


(14> 


which are derived from the plate boundary conditions. Equation (12) can be altered to 
include a smoothing factor, Sk^ that are used to affect the interpolated results: 

N 

Iai(rj2fin(rj2) + Skj)l + + aj^+2X + «N+3y (15) 

i=l 

A different smoothing factor may be applied to each node or one factor may be used for 
all the nodes on the surface. The choice of smoothing factors is completely arbitrary and 
is usually made after the analyst has examined the results of interpolation without 
employing any factors. It is important to note that if smoothing factors are used, 
interpolating back to the data input points will not give the exact input deflections 
because the effect of the smoothing factors is to relieve this constraint. 


17 



The surface slopes are given by: 


N 

d6^(x,y )/dx = 2 ctj 1 1 + 2n('r|-)] (x - X|) + 
i=l 


and: 


d5^(x.y)/dy 


N 

= 2 ^ a|l I + 2nir|-)l (y - y|i + 
i=l 


( 16 ) 


4.4.5 POLYNOMIAL 

The last type of interpolation is the polynomial method. This method requires no modal 
input and can be used to define displacements on any type of aerodynamic surface. The 
user simply defines the order and the coefficients of a polynomial that describes the 
surface vertical deflection: 

52(x.y) 

and: 

dd^/dx 


d5^/dy 


4.5 PARENT SURFACE MODES 

In defining the modal input for a surface, the capability exists to use the SA array of a 
previously defined surface to calculate the motion of another surface at a common point 
of attachment. The surface whose SA array is used is called the parent surface. The 
surface that uses the parent surface SA array is called the dependent surface. This 
option is most commonly used with the control surface rotation option described in the 
next section, if a control surface rotation is to be added to the basic set of modal 
freedoms, this option can be exercised to define the modal displacements along the 
control surface hinge line for the basic set of freedoms. In this way, the analyst may 
account for a moving control surface without having to rerun the basic vibration 
analysis. This option may also be used to define the motion at the attachment point of a 
rigid surface to a flexible surface. Then interpolating from the attachment point using 
the motion point method, the displacements over the rigid surface can be defined. 
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Nodal locations on the dependent surface are used as output points with the parent 
surface SA arrays to generate modal displacements at the dependent surface’s nodal 
points. The surface vertical deflections and slopes obtained from the parent surface SA 
array then become the input motions for the dependent surface. Thus, the dependent 
surface input motions are given by: 

( 18 ) 

= /dx 
yd 

where the subscripts denote: 
p = Parent surface 

d = Dependent surface 

The motions of the dependent surface can be used with any interpolation method that 
requires modal input. Proper use of the parent surface option requires that the parent 
and dependent surfaces have the same local axis system. 


4.6 CONTROL SURFACE ROTATIONS 

The interpolation program has the capability of adding a control surface rotational 
freedom to the basic set of modal freedoms. The user need only define the hinge line 
location and the amount of rotation about the hinge line (see fig. 9). The surface vertical 
deflection and slopes are calculated, assuming a rigid rotation of the control surface, 
and are given by the following equations: 


(R is negative for points lying 
aft of the hinge line) 

5z = R * 

A 

dy = 


(19) 
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Figure 9. — Control Surface Rotation 

4.7 AERODYNAMIC AXIS SHIFT 

The formulation of the interpolation (SA) arrays is based on the local axis system that 
is defined with respect to the structural idealization. This local axis system will be 
denoted as the local structural axis system. The aerodynamic control points, however, 
are usually definded relative to a local axis system that is designated with respect to 
the aerodynamic idealization. This local axis will be called local aerodynamic axis 
system. It is often the case that the local structural axis system and its respective 
aerodynamic axis system become misaligned. Restrictions imposed by the aerodynamic 
idealization may place the local aerodynamic axis outboard or inboard, fore or aft, of the 
local structural axis. It is also a possibility that the simple calculation of the difference 
between the two origins will not yield the right amount of correction needed for proper 
spatial alignment (see fig. 10). 

Therefore, the capability exists to adjust the coordinates of the aerodynamic control 
points in such a way as to bring them into the proper spatial alignment with the local 
structural axis. This adjustment is accomplished under the following two assumptions: 

• The local aerodynamic axis x,y plane must lie in or parallel to the local structural 
axis x,y plane. 

• The axes of the local aerodynamic system are parallel to their respective axes of 
the structural system. 

Under these assumptions, the local structural axis system coordinates of the 
aerodynamic control points become: 
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Figure 10. - Aerodynamic Axis Shift 



where: 


^ y ^ 
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zo. 


R 


= Coordinates of an aerodynamic control point defined in the local 
structural axis system 


= Euler rotation matrix 


= Reference axis system coordinates of the aerodynamic control 
points 


= Reference axis system coordinates of the origin of the local 
structural axis 


r^xsnl 


l^ysHl 



= X and y shift values measured in the local structural axis and 
defined as the correction needed to place the local aerodynamic 
axis in the correct position with respect to the local structural 
axis 
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5.0 PROGRAM DESIGN AND STRUCTURE 


5.1 FORMATION OF THE SA ARRAYS 
SA array formation is carried out for each individual surface in six steps: 

• Defining the surface orientation 

• Inputting and sorting the nodal coordinates 

% Defining scale factors 

• Inputting and sorting the mode shapes 

• Adding rigid surface freedoms if required 

• Selecting the sorted freedoms and the type of modal interpolation method 


The input required for each step may vary from surface to surface, depending upon the 
type of modal input and the interpolation method chosen. One problem variable that is 
constant for all surfaces is the total number of modal freedoms that are to be used to 
form the SA arrays, NTMODE (card set 4.0). 

The number of modal freedoms used may be greater than or less than the number of 
modes input from the vibrational data. This gives the user the capability to increase or 
decrease the number of modes used in the structural analysis. By setting NTMODE 
greater than the number of input modes, additional freedoms can be added to the basic 
set of modes. In the same respect, making NTMODE smaller than the input freedoms 
allows the user to select the freedoms that are to be retained for the interpolation 
problem. 


Surface Orientation 

The orientation of the surface with respect to the reference axis system is established by 
inputting the reference axis system coordinates of the origin of the surface's local axis 
system and the Euler triad and rotation order required to rotate the reference axis 
system into the local axis system (card set 6.0). This data defines the coordinate 
transformation described in section 4.3. The transformation is needed only if nodal 
locations are input in reference axis system coordinates, or if surface orieniaLion 
information ie needed by other programs using data output by this program 
L215 (INTERP). 
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Nodai Input 


Nodal data may be input via cards or magnetic Ale (card set 7.0), and the nodal 
coordinates may be defined in either the reference axis system or the surface’s local axis 
system. If the coordinates are input in terms of the reference axis system, the 
transformation discussed in the previous paragraph is applied to obtain the local axis 
system locations of the nodes. Local axis system coordinates are needed because all 
interpolation is carried out in the local axis system. 

Included as part of the nodal input data is a set of node orientation angles. The motion 
associated with each node may have an orientation that is different from that of the 
surface local axis system. For example, motion defined along an elastic axis might be 
oriented parallel and perpendicular to the axis and not to the freestream. In such a 
case, the surface rotation matrix would not describe the proper orientation of the nodal 
displacement with respect to the reference axis system. Since the modal data can be 
used in other programs, it is important to insure that the proper orientation is 
transmitted to these other programs. Therefore, the capability exists to input a set of 
Euler triads for each node. 

These angles are not used within the interpolation program itself, but are merely 
present for passing information on to other programs. It is important to note that the 
Euler triad specified for each node will be applied in the same order as the surface s 
Euler triad specified on card 6.2. Also, the surface orientation angles given on card 6.2 
will be used for any nodal angles that are not input. Thus, if the nodal motions of a 
surface only vary from the surface orientation by a sweep angle, the user need only 
input the node sweep angles. The other two Euler angles will be taken from the 
surface’s Euler triad. 

Once the node locations and orientations have been established, the only remaining 
task is the sorting of the input nodes. This is accomplished by the use of the nodal 
mapping option provided in card set B.O. The sorting or mapping process is accomplished 
by the filling in of a null matrix. The row size of the null matrix may be less than or 
equal to the row size of the input matrix. Jn this way the number of nodes the analyst 
wishes to use in forming the SA arrays for the surface may be reduced. Mapping is 
essentially a re-ordering of the rows of the input coordinate data (see fig. 11). If the 
mapping option is not exercised, the nodes will be used in the order in which they 
are read. 
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Scale Factors 

The major function of the scale factors is to define the input motion which is used by 
the SA arrays in the sign convention shown in figure 2. Combining this capability with 
the modal sorting ability described next, the analyst can use vibration data defined in a 
different sign convention. The scale factors, though appearing before the sorting cards 
in the input data flow, are applied to the modal displacements after sorting has taken 
place. Thus, a scale factor on a dz motion refers to the sorted 6z motion and not the 8^ 
as defined in the vibration analysis. The scale factors only affect the mode shapes as 
they are used by the SA array, and are not applied to the sorted modes output on the 
magnetic file SATAP. Thus, one is able to perform a sign change on the input modes to 
make the motion compatible with the interpolation sign convention, yet leave the modes 
in their original sign convention to be used by other programs. 

The dependent surface’s scalars must have the same values as the parent surface’s 
scalars to maintain the sign convention consistency between surfaces. Parent surface 
modal displacements, obtained from the parent surface SA array for use as input motion 
for a dependent surface, are returned to their original values before being used by the 
dependant surface. This is done to maintain a consistent sign convention between the 
sorted parent input modes and the sorted dependent input modes. Any modes appended 
to the parent surface must be defined in the original sign convention of the parent 
surface. Any rigid surface modes that are defined in the local axis system of the surface 
are redefined to be consistent with the other input modes of the surface before being 
appended to other modes. 
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Mode Shape Input 


The modal displacement data for a surface can be input from two sources: 

• Internal » using a previously defined SA array 

• External, using mode shapes input via cards and/or magnetic file 

The capability exists to use either one or both of these sources to compile the mode 
shape data needed for the surface SA arrays (card sets 10.0, 11.0, and 12.0). 

The internal generation of mode shapes is done using the parent surface concept 
discussed in section 4.5. The user need only specify which previously defined SA array 
shall be used to generate the nodal displacements. 

Mode shapes coming from external sources may be input in one or both of the following 
forms: 

• Combined freedoms - One large matrix containing all the allowed displacements 
for each node (card set 11.0) 

• Single freedoms - A set of up to six individual matricies with each matrix 
containing one type of motion for each node (card set 12.0) 

Modal mapping capability exists with both forms and is used to place the modal data in 
single freedom format. 

The modal mapping process is similar to the nodal mapping discussed earlier. Here, 
however, six null matrices are generated. Bach matrix will eventually contain the 
desired mode shapes for the surface, and each will describe one type of motion for all 
the nodes. The process of filling the null matrices is carried out as directed by the user 
(see figs. 12 and 13), Sorting of mode shapes in this manner allows the user the freedom 
to reorder and redefine the input motion. It is this sorted motion (single freedom 
format) that is used as input for the creation of the SA array. 

Rigid Surface Modes 

Though modal freedoms may be merged by using both the combined freedom and single 
freedom input formats with a single surface, the rigid surface option allows the user a 
simple method of adding a rigid surface rotation mode to the basic set of input data 
(card set 12.0). This option, when used with the parent surface options, provides a 
convenient way of generating modal displacement for a control surface. Given the hinge 
line location and the amount of rotation about the hinge line, the interpolation program 
calculates the vertical displacements and slopes of the control surface node points. This 
motion is then appended to the basic set of modal data, which was generated using the 
point combined freedom input, the single freedom input, or the parent surface option. 
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Figure 12. - Combined Freedom Mapping 




Selection of Interpolation Method 


The laat step in the SA. array formation process is the selection of the sorted freedoms to 
be used (card set 14.0) and the selection of the interpolation method (card sets 15.0 
through 19.0). The freedoms that one uses will depend upon the type of interpolation 
chosen. Table 2 lists the interpolation methods and the permitted modal input 
associated with each method. It is the user's reponsibility to insure that the proper 
motion types are used with the selected method so that proper interpolation results are 
obtained. Multiple SA arrays (up to six) can be generated for any one surface by 
repeated use of card set 14.0 and the associated card set for the particular type of 
interpolation method. 

Table 2, — Displacement Inputs, Need for the Different Interpolation Methods 


Imerpolation 

f^ethod 

No. of input 
Displacements 

Comments 

Motion point 

1 to 6 

Though all six modal displacements may be input for this method. 
DYLOFLEX users should only input the three displacements of 

Motion axis 

3 

The three displacement b , 6 and B may be defined relative 

i A y 

to the freestream or to the local motion axis. 

Beam spline 

1 to 3 

There must be one translation, 6^. The rotation is optional and 

is not needed for the dfi^/dx derivative caicuiation. displacement 

is also optional, but is required if the dd^/dy derivative is desired. 

Surface spline 

1 

The local 5^ displacement is the only input required 

Polynominal 

0 

No modal data required 


5,2 DETERMINATION OF INTERPOLATED MOTION 

The second phase of the interpolation program deals with the determination of iocal 
vertical translations and freestream slopes at specified output locations. This phase of 
the program may be executed by itself using SA arrays generated by a previous run, or 
it may be executed in conjunction with the first phase of the program as part of the 
same run. Since the downstream programs of the DYLOFLEX system only use the SA 
arrays from INTERP, the analyst has no means of judging the quality of the 
interpolation without executing some of the downstream programs. Thus the primary 
purpose of this phase is to provide the user with an easy means of examining the 
quality of the interpolation arrays that have been defined in the first phase of INTERP 
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The determination of interpolated motion introduces another local axis system called 
the local aerodynamic axis system. This system may have its origin at a different 
location with respect to the local structural axis which was used to develop the SA 
arrays, but it is required that the Euler triad used to describe the orientation of the 
local structural axes must also apply to the local aerodynamic axes. The location of the 
local aerodynamic axis system is defined by inputting the reference axis system 
coordinates of the origin of the local aerodynamic axis system (card set 24.0). The 
capability exists to shift the aerodynamic axis system with respect to the local 
structural axes. Card set 24.0 contains the variables XSH and YSH. These variables are 
the amount of shift between the desired final aerodynamic axis location and the location 
of the aerodynamic axis used for input. The values are measured in the local structural 
axis system. Figure 14 illustrates the use of the shift capability. 



Figure 14. — Aerodynamic Axis Shifting 


All output points that can be defined with the same local aerodynamic axis system may 
be considered as one set of data. The set grouping of output points can be independent of 
the surface grouping used in forming the SA arrays. Thus a set of output points may 
use more' than one set of surface data. Take, for example, a wing having a moving 
control surface as shown in figure 15. The desired output points can be regarded as one 
set of data, yet two SA arrays may have been used to define the interpolation 
coefficients (see parent surface concept of section 4.5). The criterion for using SA arrays 
from different surface groupings for one set of output points is that the SA arrays must 
have been formed using the same structural axis system. For surfaces having more than 
one SA array, only the first SA array for the surface will be used. All others are 
ignored. 



O Output points 




A 



The number of modes used for a set of output points may be less than or equal to the 
number used to form the SA arrays. If multiple SA arrays are used, the analyst can 
designate the number of modes to use, or elect the default option, in which case the 
total number of modes used will be taken from the first SA array encountered. 

The user also has the option to rotate the interpolated motion to an orientation different 
from the surface orientation. The rotation is a simple dihedral rotation (fig. 16). This 
capability is useful when determining the normal motion on the panels of an 
interference body. The motion of the body, which is usually defined on the body’s 
centerline, can be interpolated to the desired panel locations and then rotated into the 
normal of the panel. Each point in the output set may have a unique rotation, or one 
dihedral correction may be used for the entire set. This dihedral correction is given by 
equation (9), with the dihedral correction angle defined as 

7 = 7r\* 7s 


where: 

7g = The local surface dihedral angle 

7h = The unit normal orientation with respect to the z reference axis 




6^ = desired normal displacement 
Figure 16. — Output Dihedral Correction 


5.3 PROGRAM OVERLAY STRUCTURE 


The L215 (INTERP) program is structured as an overlay system (see fig. 17), that 
carries out the execution in two phases. The (0,0) L215 and (1,0) INTERP overlays drive 
these two phases by calling into execution the secondary overlays requested by the user 
via card input data. 

Phase I - Generate SA Arrays 


Overlay (1,1) RDEDIT 
Overlay (1,2) BEAM 
Overlay (1,3) MOTA 
Overlay (1,4) MOTP 
Overlay (1,5) POLY 
Overlay (1,6) SURF 
Overlay (1,7) RESULT 


Read and edit input data 
Beam spline SA generator 
Motion axis SA generator 
Motion point SA generator 
Polynomial SA generator 
Surface spline SA generator 
Save SA on SATAP 


The (1,1) overlay RDEDIT reads and edits the card input data describing the 
formulation of SA arrays. Also, RDEDIT reads from user-specified files the nodal 
locations and modal displacements (translations and rotations). All of the edited input 
data is written onto the L215 (INTERP) scratch random file named SCRAND. 


Next, the appropriate SA generation overlay is called. It reads the input data from 
SCRAND, generates the SA array, and writes it onto SCRAND. 
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Finally, the (1,7) overlay RESULT reads the single freedoms nodal locations, and 

SA array from SCR AND and writes them onto the file SATAP. 

Phase II - Determine Modes at Control Points 

The (1,10) overlay INTEMD is called only when the user requests that mode shapes be 
found for specified control points. INTEMD reads the control point locations (from cards 
or a user-specified file) and the proper SA array from SATAP. It performs the 
interpolation using the SA array and writes the final output mode shapes on the file 
MOTAP. 
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6.0 COMPUTER PROGRAM USAGE 


6.1 MACHINE REQUIREMENTS 

The machine requirements for an execution of the modal interpolation program 
L215 are: 


Card reader To read control cards and card input data 

Printer To print the input data, standard output results, and diagnostic 

messages 

Disk storage All magnetic files not specifically defined as magnetic tapes are 

o 0011 VvA 


Tape drive For "permanent” storage of data on magnetic files, which are copied 

to and from magnetic tapes with control cards before and after 
program execution 


6.2 OPERATING SYSTEM 


L215 is written in FORTRAN for CDC 6000 or CYBER equipment. It may be compiled 
with either RUN or FTN compilers. It will run under the KRONOS 2.1 or NOS 
operating systems. 


6.3 CONTROL CARDS 

The following control cards are used to retrieve the absolute binary file from a master 
tape and execute the L215 program. 

Job card 
Account card 


Prepare any input magnetic files 


REQUEST(MASTER,VSN=66****,LB=KL,F=I) 

REWIND(MASTER) 

SKIPF (MASTER) 

COPYBF(MASTER,L215) 

RETURN(MASTER) 

L215 


Save any required output file 


EXIT. 

DMP(0, maximum field length) 
End-of-record 

$INTErpolation initialization card 


Required data cards 


$QUIT terminating interpolation data 
End-of-file 

6.4 RESOURCES ESTIMATES 
Field Length 

The field length required by L215 is dependent upon the problem size and the method of 
interpolation used. Core size must be requested for the largest module to be run. For a 
crude estimate, table 3 shows the field length required to run a set of sample problems. 
A more accurate field length estimate can be calculated by the equation below: 

I RDEDIT 

Field Length = Maximum of ] METHOD 

INTEMD 

RDEDIT has a value of: 

RDEDIT = 75300g + maximum 

of options used 


(Option for 
interpolated output) 


Normal modes 
Rigid surface 
Parent surface 


where: 


Normal modes 


Rigid surface 
Parent Surface 


= NNODES* NTMODE + NRPHPNCPHI 

= 6*(NNODES*NMODRS) + 12*NNODES + NNODES*NTMODE 
= 3*(NNODES*NTMODE) + 12*NNODES + NSAE 
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and: 


NNODES = Number of nodes 

NTMODE = Number of modes 

NRPHI = Number of rows in the input mode matrix 

NCPHI = Number of columns in the input mode matrix 

NMODRS = Number of rigid surface modes 

NSAE = Number of element in the SA array (see below) 

METHOD has a value that is a function of one of the five methods used: BEAM 
SPLINE, MOTIONAXIS, MOTIONPOINT, POLYNOMIAL, or SURFACE SPLINE. 
Values are given below: 

BEAM SPLINE = 52600g + 3* (NNODES* NTMODE) + 6* NNODES + NSAE 

MOTIONAXIS = 54000g + 3*(NNODES* NTMODE) + 6*NNODES + NSAE 

MOTIONPOINT = 47500g + 6*(NNODES*NTMODE) + 3*NNODES + NSAE 

POLYNOMIAL = 47000g + ((IORD4-l)*(IORD+2))/2 + 30 + NSAE 

SURFACE SPLINE = 51500g + (NNODES*NTMODE) + 3*NNODES + NSAE 
where NSAE, the number of element in the SA array, is given below for each method: 
Beam spline 

NSAE = 17 + 6*NNODES + MAXO(8*MAXPTS,13*NBEAM) + ((INDC + 
3)/2)* 2* NNODES* NTMODE 

For MAXO(A,B), use the larger of the two arguments. 

Motion axis 

NSAE = 9 + 10*NDEF + NNODES + 6* NNODES* NTMODE + 3*NTMODE 
Motion point 

NSAE = 10 + 6* NTMODE 


I 



Polynomial 

NSAE - 8 = NTMODE*((IORD + l)*(IORD + 2))/2 


Surface spline 

NSAE = MAXO (F1,F2) 

with FI = 17 + 2*NNODES + (NNODES + 3)*(NTMODE + 2) and 
F2 = (NNODES + 3)**2 + (NNODES -f 3) 

where: 


NNODES 

NTMODE 

MAXPTS 

NBEAM 

INDC 


Number of nodes 
Number of modes 

Maximum number of points per beam 
Number of beams 

Indicator for freedoms 

0, TZ only 

1, TZ and RX 

2, TZ and RY 

3, TZ, RX, and RY 


NDEF = Number of definition points 


lORD = Order (degree) of polynomial 

INTEMD, used only when interpolated output is requested, has a value as follows: 
INTEMD = 71400g + 5*NOUTL + 3*(NOUTL*NTMODE) + NSAE 
where NOUTL = number of output locations. 

Note: The numbers computed from the given equations must be converted to an octal 
base number before adding to the program field length to find the required field 
length 

Time Estimate 

The central processor time required to run the program is dependent upon the problem 
size. The total time estimate would be the sum of the estimates for all surfaces. For a 
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single surface, IS, the time estimate in seconds should be: 


CPis = 2 + (NMODES*NNODES)/100 

where: 

NMODES = Number of modes 

NNODES = Number of nodes defining the surface 

Printed Output 

The printed output line limit is set to 40 000 lines at compilation time. This should be 
sufficient for any L215 program execution. The average line count is about 1200 lines. 

6.5 INPUT DATA 

The input data media used in the L215 program consist of cards and magnetic files. The 
card input data is described in section 6.5.1 and the magnetic file input data is 
described in section 6.5.3. 

6.5.1 Card Input 

All related blocks of card input data will be introduced, and in some cases terminated, 
with keywords located in the first ten characters of a card. In general, only the first five 
characters of the keyword will be checked to determine which block of data is to be 
read. The values of variables associated with the keyword will be read in fixed field 
formats either on the same card as the keyword or on the card(s) following. Unless 
otherwise noted, all variables appearing on optional cards will assume their default 
values if the card is omitted. 

The special character "$” is used to denote program directive cards that begin and end 
L215 data ($INTE and $QUIT) and bracket data for the two phases of this program 
($SURF-$END and $MODE-$END). 

Note: All underlined capital characters contained in the keyword or variable fields of 
the card descriptions must be left justified and punched in the card columns 
designated in the columns field of the card set. 

Figure 18 provides the overall picture of the card input data flow. Following figure 18 is 
a detailed description of each card set. 

Card Set 1.0 - Modal Interpolation Card 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

$INTErpola 

AlO 

The $i:iTErpolation card indicates that the data following 
is for the modal interpolation program. This card must be the 
first card read by the modal interpolation program, 

i , ■■ 
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Figure 18. — 
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Card Set 2.0 - Data Case Labels 


Card 2.1 - Job Title (Optional) 

The title card may appear anywhere before a keyword. Up to four title cards appearing 
after the $INTErp card will be stored in core for page headings on printouts. 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 


DESCRIPTIOW 

1-10 

TITLE 

AlO 

Keyv.'ord for job 

title card. 

11-80 

Title 

7A10 

Job title v»hicb 

can provide description of the job. 


Card 2.2 - Comment Card (Optional) 

Comment cards may appear anywhere in the card input data stream except where data 
follows a keyword card. 


COLS. 

'‘keyword/^ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

C_ 

A2,8X 

Keyword for comment card. 




MOTE: A blank in column 2 must follow the.C in column 1. 

11 -eo 

Conunent 

7A1C 

Comments will appear in the printed output as they are read. 




They are not treated as data. 


Card Set 3.0 - SA Array Tape Name (Optional) 


COLS. 

keyvvord/ 

VARIABLE 

format 

DESCRIPTION 

1-10 

SATAPe 

AlO 

Keyv;ord indicating the SA array tape name . 

11-20 

IS ATP 

A7, 3X 

Name of the tape on which the SA arrays will be written, 
or on which they are already written. 

(Default = SATAP) 

NOTE: Input tape with SA arrays is needed when generat- 

ing interpolated mode shapes for output points. 
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If SA arrays are already generated and only output mode shapes are required, go to 
card set 22 - 0 . 

Card Set 4.0 - Total Number of Modes (Optional) 


1 

COLS. 

KEYWORD/ 

VARIABLE 

FOR.MAT 

DESCRIPTION 

1-10 

TMODE 

AlO 

Keyword specifying the number of output inodes. 

11-15 1 

NTMODE 

1 

15 

Total number of modes (columns) which will be used for 
in generating the SA arrays. 

(Default: NTMODE = 1) 


Note: The maximum number of modes must be determined in conjunction with the 
number of nodes used on a surface NNODES (card 8.1) and the interpolation 
method chosen for the surface. The only size restriction is that the SA array for a 
surface cannot exceed 10,000 words. SA array size calculations are given in 
section 6.4. 


Repeat card sets 5.0 through 21.0 for each surface. 
Card Set 5.0 - Surface Definition 


COLS. 

KEYWORD/ 

VARIABLE 

FOR'tAT 

DESCRIPTION 

1-10 

■ 

$SURFace 

AlO 

Keyword introducing the block of data that defines a 
surface . 

11-15 

ISURF 

15 

The surface number. Also the actual file position of the 
SATAP where the results for this surface will be v;ritten. 
(no default) 

16-20 

blanks 

5X 


21-30 

ID 

AlO 

Mnemonic identification of this surface* 


*Used to aid in the identification of the surface (e.g. wing, vertical tail, fuselage, etc.) 
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Card Set 6.0 - Surface Transformation Data (Optional) 

If the surface’s iocal axis system coincides with the reference axis system^ then this card 
set may be omitted. The default values for all variables on card 6.2 are zero. 

Card 6.1 - Transformation Data 


COLS. 

KEVWOKC/ 

VAmAflLE 

POWIAT 

DESCPIPTIOM 

1-10 

TllA^iS 

-MO 

Keyword in.Jj eating the transformation data for this surface 
follcn.»s, card 6,2. 


Card 6.2 - Rotation Angles and Translation Data 


COLS. 

KEVlfORI>/ 

VARIABLE 


DESCRIPTION 

1-10 

XR 

ElO.O 

Reference axis ays ten; cocrdinate$ of the origin of the 

11-20 

YR 

CIO.O 

surface’s local axis systejn. 

21-30 

ZP. 

ElO.O 


31-40 

XRAJIG 

ElO.O 

Euler rotation angles wb.ich define the rotation of the 

41-50 

yra:tc 

ElO.O 

reference axis system into the local axis system. 

51-60 

ZRA.NG 

ElO.O 

(Degrees) 

01-70 

OPXtER aaa 

AlO 

Keyword indicating specification of Euler rotation sequence 
where aaa specifies sequence such as: XYZ, VXZ, ZYX, etc. 

(Default: ORDER XYZ)* 

dOTE: The two blanks after order are part of keyword. 


♦See the sample problem input data listed in section 7.0. 


If POLYNOMIAL method selected (card set 18.0), skip to card set 14.0. If any of the 
other four methods are selected, continue with card set 7.0. 
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Card Set 7,0 - Nodal Data 


Card 7.1 - Definition of Nodal Coordinate Data 


COLo. 

KEVWORD.- 

VARIABLE 

' FC'fl.‘lA7 

L 

1 DESCFir-TlO'; 

1-1.? 

J 

LODES 1 A1 j 

1 Se/woi .. intr^)ducin<j nod.^1 coordinate intut datA. 

n -20 

READ rRO.'l jlCiX 

Descriptive words (optronat 

21-33 


[CARD 

TAPE 


AID 

Keywords indicating nodes input from CARO or TAPE 

3 1 - *1 0 


Local 

REFerer.cc 

AlO 

Keywords Indicating nodal coordinates being input are 
defined in LOCal zk'm sysiem or REFerer^ce axis system. 

4 1- 5 

.J.':ODE I 

I 5 

N’lober of. noJes b<?Lnj input (row size of node coordinate 
na t r 1 x) 

I'Jofoult; ’ISOEZI - 1) 

^6-50 

blanks 

5 >: 


SL-60 



E'JGLISM 

METRIC 

. 


All 

1 

:CoyworJ inJicatinc; the nodal coordinates are defined in 
Ei'JCLrSrI units or '^ETTIC units, 
j fDeteuU: ‘I£:TRIC) 


Card 7.2 - Nodal Data on Cards 

Read this card if columns 21 through 30 contain keyword CARD on card 7.1. Repeat this 
card NNODEI times* one card for each node. 


COLS . 

KEYWor:D/ 

VARIABLE 

F0R/-1AT 

DCSCR I PT I Oil 

I-IO 

XUi 

ElO. 0 

The y., Y and 7 coordinates of tho Ith node. 

11-20 


ClO.O 

1 = 1, NWJEI 

21-30 


ElO. 0 


31-40 

Rxni 

ElO.O 

V.f Y and Z rotation angVes which define the orientation 

41-50 

RYNj 

ElO. 0 

of the node i/itr. respect to the reference axis system. 

51-6D 

RZN^ 

1 

ElO. 0 

1 

1 

1 

1 

1 

(Degrees) 

:^CTL. The orier of rotation is that defined on card 6.2 
If these variables are blank, rotation annles on 
card 6.2 will be used. The node rotation angles 
are written on output tape and are not used in the 
interpolation program. 
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Card 7.3 - Nodal Data on Tape 

Read this card if columns 21 through 30 contain keyword TAPE on card 7.1. 


COLS. 

KEYWORD/ 

VARIABLE 

POW-tAT 

nescRiPTiON* 

I'lO 

IMTAP 

A7,3X 

The n3cne of the tape containing the nodal coordinate 
input data. The tape name must begin with an alphabetic 
character and nust contain no more than seven (7) characters, 
(no default) 

11-15 

INFP 

15 

The logical file position number on I'3TAJ> where nodal coor- 
dinate data is found. 

(Default: IMFP = 1) 

16-29 

INMP 

15 

The matrix position nu5nber in I'JFP file where node coordinates 
are* found. 

(Default: imP ~ 1) 

21-25 

I ROT ' 

! 

15 

Rotation matrix indicator. Rotation matrix contains the 
^ , ij; orientation angles for each node. 

« 3, no rotation matrix read 

^ 1, read rotation matrix after coordinate matrix 


Card Set 8.0 - Input for Node Reordering (Optional) 

Reordering may be used to change the order in which the nodes will be used in forming 
the SA array from the order in which they were used in calculating the modes shapes 
(e.g. change body node order from ait-tO'nose to nose*to-aft or wing node order from 
tip-to-root to root*to*tip). Also, nodes may be eliminated with this option. 

Card 8,1 - Mapping of (Coordinates 

If nodes are input in sorted form these cards are not needed. 


COLS, 

KEYWORD/ 

VARIABLE 

FORI-IAT 

DESCRIPTION 

1-10 

MAPMOJe 

AlO 

1 

Keyword indicating the reordering, selecting, or mapping 
of node coordinates. 

11-15 

NNODES 

. 

15 1 

1 

jjumber of nodes to be retained. 
(Default: NNODES - NNODEl) 
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Card 8.2 - Mapping Values 

Repeat this card (at 14 entries per card) until all NNODES nodes have been reordered. 


COLS. 

KEYWORD.' 

VARInBLL 

ro AT 

— 

OESCriPTIOi: 

1-70 

1^\A.P!WD. 

1 

L 

L ir s 

1 

Th^ rtuenE^r o: the ro\' or the i.npi.t riode rr^atrix -ihich is 
placed in tne It.i rpi' of the sorted matrix. 

i 

1 fDefeuJt: IMAPNO, = U 


Example- : 


■j 

10 

LO 

V\ 

z s 

/ 

:iAP>JODi:5 


0 



/ 4 

- 



f 


SORTED [XYZ] [XV:.] 



Card Set 9.0 - Scalars For Sorted Freedoms 



Note: This card is used to change the sign of the sorted freedoms that will be used to 
form the SA arrays. The sorted input data that is written on the SA array tape 
will not be changed. Dependent surface scalar values must be the same as parent 
surface scalar values. 
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Card Set 10.0 - Modal Input 



KEYWORD/ 



COLS, 

VARIABLE 

FORTIAT 

DESCRIPTION 

1-10 

MODES 

AlO 

Keyv/ord introducing the modal input. 

11-20 

FROM 

AlO 

Optional keyword indicating that mode 'shaoes are to be 
generated from a previous (parent) surface. If modal 
input is from external data, this field is left blank. 

21-25 

IISURF 

15 

The surface number of the parent surface from which modal 
data v/ill be generated. 

NOTE: IISURF must be less than ISURF found or. the 

$SURFACE card for this surface. 

(Default; No parent surface) 


Note: Card set 10.0 is followed by card sets 11.0, 12.0, and 13.0. The user has the 
capability of inputting modes in any combination of the following three forms: 


1. Card set 11.0 is the most general form, A single modes matrix contains all the 
local motions. It is sorted and grouped into single freedoms by the mapping 
cards. 

2. Card set 12.0; each matrix is already in single freedom groupings and may be 
sorted by the mapping card. 

3. Card set 13.0; the modes matrix is generated from the definition of a rigid 
surface. 
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Card Set 11.0 - Modal Data in Combined Freedom Foim (Optional) 


Card 11.1 - Combined Freedom Input Definition 


COLS. 

KEYWORD/ 

VARIABLE 

FOPJIAT 

DESCRIPTION 

1-10 

COMBIned 

AlO 

Keyword indicating modal data being input in combined 






freedoms form. 

11-20 

FROM 


lOX 

Descriptive word (optional). 

21-30 


[CARD 


AlO 

Keyv/ord indicates modal data read from CARD or TAPE. 



TAPE 




31-35 

NROWCM 

15 

Row size of combined modes. 

36-40 

NCOLCM 

15 

Column size of combined modes. 

41-45 

ISICM 


15 

Starting column of input modal matrix from v;hic’n modes 






will be picked up. 

46-50 

ISOCM 


15 

Starting column of output single freedom matrices into 






which modes will be sorted. 

51-55 

NMODCM 

15 

Number of columns to use from the input modes starting 






at ISICM. 


Note: NROWCM will usually be equal to NNODEI (card 7.1), but it is not requried to 
be the same. NCOLCM may be equal to, greater than, or less than NTMODE 
(card set 4.0). In this way, modal freedoms may be added or deleted. 


Card 11.2 - Combined Freedoms From Cards 

Read this card if columns 21 through 30 on card 11.1 contains the keyword CARD. 
Repeat this card NROWCM times. 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-70 


7E10 . 0 

Mode shapes read in by rows. Each rov; begins a new card. 
(COMj j , J = ] , NCOLCM) 

(I = 1, NROWCM) 
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Card 11.3 - Combined Freedoms on Tape 

Read this card if columns 21 through 30 on card 11.1 contain the keyword TAPE. 


COLS. 

KEYWORD/ 

V7VRIABLE 

FORMAT 

DESCRIPTION 

1-10 

IMTAP 

A7 , 3X 

Name of tape containing the combined freedom modal matrix. 
The tape name must begin with an alphabetic character and 
must be no more than 7 characters. 

11-15 

IMFP 

15 

The logical file number on IMTAP where the combined freedom 
matrix resides . 

(Default: IMFP = 1) 

16-20 


15 

The matrix position no. in the IMFP file where the modal 
matrix is found. 

(Default: IMMP = 1) 


Repeat this case for all single freedoms desired. 
Card 11.4 - Mapping of Combined Freedoms 


COLS. 

KEYWORD/ 

VARIABLE 

FORJ-IAT 

DESCRIPTION 

1-10 

MAPaa 

AlO 

Keyword indicating into which freedom (i.e., translation 
X, y or z; or rotation 6x, 0y, 6z) the selected rows of 
the input modal data v;ill be placed. 

11-70 

Jaa^ 

1215 

Row number of the combined freedom matrix that shall be 
placed in the Ith row of the desired single freedom matrix 
(I = 1, NNODES) 

NOTE; If more cards are needed, the format for succeeding 
cards is lOX, 1215. 


Note: The characters aa will be equal to one of the following pairs of characters, 
depending upon the freedom being sorted. 

aa = TX, TY, TZ, RX, RY, or RZ 
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Card Set 12.0 - Modal Data in Single Freedom Form (Optional) 
Cards 12.1 through 12.4 are repeated for each single freedom selected. 
Card 12.1 - Single Freedom Input Definition 


COLS. 

KEYWORD/ 

VARIABLE 

FORflAT 

DESCRXPTIO?^ 

1-10 

aa 

AlO 

Keyword indicating to which single freedom the nodal data 
belongs . 

11-20 

FROM 

AlO 

Descriptive word (optional) 

21-30 


’ CARD 
TAPE 


AlO 

Keyword indicating modal data read from CARD or TAPE. 

31-35 

NR0V^aa* 

15 

Row size of single freedom matrix. 

36-40 

NCOLaa* 

15 

1 Column size of single freedom. 

41-45 

ISIaa* 

15 

Starting column of input single freedom matrix from which 
modes will be picked up. 

46-50 

ISOaa* 

15 

Starting column of output single freedom matrix into which 
modes will be placed. 

51-55 

NMODaa* 

15 

1 

Number of columns to use from the input single freedom 
matrix starting with colximn ISIaa. 


*The characters aa are the same as those specified in keyword aa. 
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Card 12.2 - Single Fredoms on Cards 

Read this card if columns 21 through 30 on card 12.1 contain the keyword CARD. 
Repeat this card NROWaa times (I = 1, NROWaa) 


— 

COLS. 

KEYWORD/ 

VAhlABLE 

FORflAT 

DESCRIPTiO.'J 

L-70 


7C10.0 

Sin«3le freedom mode shapes read ir. by rov/. rovj 




bejins on a new card. 




( J »= 1 , NCOLaa) j 



1 

The freedom A being input must correspond to 
the keyword on card 12.1 -cols. 1 through 10 


Card 12.3 - Single Freedoms on Tape 

Read this card if columns 21 through 30 on card 12.1 contain the keyword TAPE. 


COLS. 

KEYWORD/ 

VARIABLE 

FOPilAT 

DESCPiPTior; 

1-10 

ISTAP 

A7,3X 

The name of the tape which contains the single freedom 
modal data. The tape name must begin with an alphabetic 
character and contain no more than <7) characters. 

11-15 

ISFP 

15 

The logical file on ISTAP where the single freedom matrix 
v/ill be found. 

16-20 

XSMP 

13 

The matrix position number in ISFP £ile of the single 
freedom matrix. 


The freedom being input must correspond to the fredom designated by the keyword aa 
on card 12.1. 
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Card 12.4 - Mapping of Single Freedoms (Optional) 




OLS. 

1 VAri'dJL-: 

1 

-if. 

• I 

1 

, AlO 

I 


1 

1 

1-70 1 

1 

Jaa j 1 

1 1213 


DESCf^IPTlO': 


j rtiv I ; :iu icd t i c.ie rreeuam inLO v;nic'i tne input Sinqle 

I I 

I fruecion will be njpped . 

! 12IS Row nanbei' of t!ie in^^ut &in<jle freedom w^ich is to be 

I I r-ljct'd into z'hc Itb row c: tho outi'ct sinyl^ frtedor:?. 

, 1 = I , ^:^^ODES 

if noie CdtJs are needed the iormat foe the care’s will be 
nx, 1213. 


Note: The characters aa refer to the freedom being sorted and represent one of the pairs 
of letters TX» TY, TZ, RX, RY, or RZ. If mode shapes are input in single freedom 
format and this card is omitted, the modal data will be used in the order in which 
they are read. 

Card Set 13.0 - Rigid Surface Mode (Optional) 

Card 13.1 - Definition of Rigid Mode 


COLS. 

KEYlJORD/ 

VARIABLE 

1-10 

Bioro 


11-15 ISOBS 


16-20 NMODEIS 


DESCRI PTIO 


♦leyword indicating rigid surface modes are to be added to 
tbe sorted freedoms. 


Starting colujtin from which the rigid surface modes are to 
be :idded to the sortea froedom matricies. 

Number of rigid surface modes (columns) to bo added. 
















Card 13.2 - Hinge Line Definition 
Repeat this card NMODRS times. 


COLS. 

KEYWORD/ 

VARI.^BLE 

FORMAT 

DCSCRIPTIOM 

1-10 

HIHGE 

AlO 

Keyword indicating the hinge line location and rotation de- 
finition follow. All data is in Local axis system. 

11-20 

XIHL 

ElO.O 

X and Y coordinates of inboard end point of hinge Line. 

21-30 

YIHL 

ElO.O 

(Local axis) 

31-40 

:{OKL 

ElO.O 

X and Y coordinates of outboard end point of hinge line. 

41-50 

YOHL 

ElO.O 

(Local axis) 

51-60 

THETA 

ElO.O 

Rotation angle of the control surface (Radians) . 

61-65 

I ROT 

15 

Rotation indicator 
= 0 rotation along Iiinge line 

= 1 rotation is perpendicular to freestream direction. 


Card Set 14.0 - Selection of Freedoms for SA Array 
Repeat this card for each SA array for this surface. 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

OESCRIPTIOM 

1-10 

SA 

AlO 

Keyword specifying the freedoms to be used for forming 
the interpolation arrays. 

11-15 

ITX 

15 

Translation indicator 

16-20 

LTV 

15 

- 0, no translation 

21-25 

ITZ 

15 

= translation requested 

26-30 

IRX 

15 

Rotation indicator 

31-35 

IRY 

15 

= 0, no rotation 

36-40 

IRZ 

15 

= lx rotation requested 


Note: Beam spline - 1 to 3 freedoms may be specified; there must be one translation 
and zero, one, or two rotations. 

Motion axis - 3 freedoms must be specified; one translation and two rotations. 
Motion point - 1 to 6 freedoms; (note: for DYLOFLEX users, only 3 freedoms may 
be used, one translation and 2 rotations.) 

Surface spline * 1 freedom; one translation which is normal to the surface. 
Polynomial - no modal input required. 
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Only one of the card sets 15.0 through 19.0 may be specified. 

Card Set 15.0 - Beam Spline Method 

Card 15.1 - Beam Spline Interpolation Scheme 


KEYvJORU/ 

>LS. VARIABLE FORMAT 


^>E3CRIPTIo:j 


10 BEAM S pi me AlO Keywor.J t ing Leair Epline interpolation scheme to be 

use 

.'15 MBEAM IS rjunber of ho a ms . (NBEAM^2) 

Card 15.2 - Beam Node Selection 

Repeat this card NBEAM times. (I = 1, NBEAM) 


KEYWO.RD/ 

VARIABLE 


DrSCRlPTlOM 


n.jniber of noJes on the I rj* be^ni. 


Extrapolation indicator {See sec. 4.4.3) 

= 0. no extrapoLat icn 

= 1, outboard extrapolation 

= 2, inboard ext rapclat ion 

= 3, both Inboard and outboard extrapolation 

:jode location {row nuirbeLl of the sorted coordinates and 

modal data which will be associated with the Jth node 
of the ith beam. 

J = 1, MPBj^ 

If more cards are required, their format is { 1 IX , 1215) 











Card Set 16.0 - Motion Axis Method 


Card 16.1 - Motion Axis Interpolation Scheme 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

MOT I ON Ax is 

AlO 

Keyword indicating the Motion Axis interpolation scheme 




to be used. 

11-15 

NDEF 

15 

Number of motion axis definition points (NDEF >2) 

16-20 

lORIEN 

15 

Indicator for rotation Rx orientation 




= 0, freestream 




1 

1 = 1, perpendicular to local straight line motion axis 


Card 16.2 - Definition Point Data 
Repeat this card NDEF times. (1=1, NDEF) 


1 

COLS. 

KEYV;ORD/ 

VARIABLE 

F0R*1AT 

1-10 

XRLj 

ElO. 0 

11-20 

YPJ.^ 

EIG . 0 

21-30 

DYDXRLj 

ElO. 0 





DESCRIPTION 

X and Y coordinates (local axis system) of the motion axis 
definition points. 

Slope of the reference line associated with the Ith defini- 
tion point 


y 



motion axis 
reference line 


X 


Card Set 17.0 - Motion Point Method 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

MOT I ON pt 

AlO 

Keyword indicating the Motion Point interpolation scheme 
to be used. 
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Card Set 18.0 - Polynomial Interpolation Method 
Caxd 18.1 - Polynomial Interpolation Scheme 


COLS. 

KEYv^ORD/ 

VARIABLE 

FOPvMAT 

DESCRIPTION 

1*10 

POLYNomial 

AlO 

Keyword indicating that the Polynomial scheme to be used. 

11-15 

lORD 

15 

Order of the polynomial 
(lORD > 0) 


Card 18.2 - Polynomial Coefficients 
Repeat this card NTMODE times (card 4.0). 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTIOM 

1-70 

<^1 

7E10.0 

j 

Polynomial Coefficients v/here (I = 1, NPCOEF) 
-.JPCOEF = (IORD+DMIORD+2) 


Example : 


lORD = 0 coef read 
for 


Coo 

= Coo 


I ORD Coo/Cio/Coi 

^ Ciox + Coiy 

I ORD -2 Coo»Cio/Coi/C2orCii,Co2 



•52(x,y) = Coo + Ciox + Coiy + C 2 ox^ 

+ 

Cl iXy + Co 2 y^ 

lORD = 3 

Coo/ Cio» Coif C2o» Cl 1 , Co2» CjOf 

C2 

U 

u 


6^(x,y) = Coo + C,oX + Coiy + C 2 oX^ 

+ 

Cl ixy + Ct ty'' 


+ Cjox^ + Czix^y + C,2xy2 

+ 

c»,y’ 


ea 




Card Set 19.0 - Surface Spline Method 
Card 19.1 - Surface Spline Interpolation Scheme 


COLS. 

KEYWORD/ 

VARIABLE 

■ 

FORMAT 

DESCRIPTION 

1*10 

SURF Ace 

AlO 

Keyword indicating that the surface spline interpolation 
scheme to be used. 

11-15 

NSMTH 

15 

Smoothing Indicator (See sec. 4.4.4) 

- 0, no smoothing 

=1, a smoothing value applies to all points 
= n, n = the number of smoothing values to use (one for 




each node on planform) 


Card 19.2 - Smoothing Values 
Read this card only if NSMTH > 0. 


COLS. 

KEYWORD/ 
VAR I. ABLE 

FORMAT 

DESCRIPTION 

1-70 

SMTHj 

7E10. 0 

Smoothing values where (I = 1, NSMTH) 


Card Set 20.0 - Print Option Selection 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

PRINT 

AlO 

Keyword 

indicating print option is chosen. 

11-40 


'SA ♦ 


3A10 

List of 

keywords indicating the matrices to be printed. 



Locations 







MODe 



Keyword 

Matrix Print 





SA 

array 





LOC 

Sorted nodal locations [X,Y,z]j^ 





MOD 

Sorted single freedom matricies 

[tx],[ty],[tz],[rx],[ry],[rz] 


*These keywords may be used in any combination. 
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Card Set 21.0 - End Surface 


COLS. 

KEYWORD/ 

VARIABLE 

FOR-IAT 

DESCRIPTIO'.l 

1-10 

$EMD 

AlO 

Keyword indicating the end of the Ith surface interpolation 
data . 


Repeat $SURFACE (card set 5.0) through $END (card set 21.0) for each surface. 

This begins the second phase of the Interpolation Program. Displacements and slopes 
are generated at given aerodynamic control points. Skip to card set 28.0 if second phase 
is not desired. 

Card Set 22.0 - Modal Output Tape Option (Optional) 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTIOli 

1-10 

MOTAPe 

AlO 

Keyv/ord indicating the output will be saved in tape. 

11-20 

IMOTP 

A7 , 3X 

Tape name v/here the interpolated motion 
^ [ 6^ ] , [ d6 ^/dx] , [ d6 ^/dy ] ) will be saved . 

(Default: IMOTP = MODEO) 

Wame must begin with an alphabetic character and must not 
be greater than 7 characters . 


Card Set 23.0 - Interpolation 

Repeat card sets 23.0 through 27.0 for each set of output points for which 
interpolated motion is desired. 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

$MODE 

AlO 

Keyword indicating the block of input data required for 
calculating interpolated motion. 

11-20 

IDM 

AlO 

Mnemonic identification of this set of interpolation data. 

1 

NTMODE 

15 

1 

Number of modes to pick up from the SA arrays which will 

be used for determining the motion at the aerodynamic control 

points. 

(Default: Total modes as read from first SA array used.) 
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Note: A set of output points may use more than one SA array. It is only required that 
all output points in a set have the same local aerodynamic axes. (See section 5.2.) 

Card Set 24.0 - Aerodynamic Surface Transformation 


COLS. 

KEYWORD/ 

VARIABLE 

FOR'IAT 


DESCRIPTION 

1-10 

AEROT 

A5, 5X 

;:eyworJ indicat ing the aerodynar.ic transformation data. 

11-20 

AEROX 

ElO. 0 


X 

Coordinates of the origin of the aerodynamic surface 






(in the reference axis system). 

21-30 

AEROY 

ElO. 0 


V 


31-40 

AEROZ 

niu.o 


z 


41-50 

XSH 

ElO. 0 



Offset of the aerodynamic surface in the local 

51-60 

YSH 

ElO. 0 



(structural) surface axis. 


Card Set 25.0 - Definition of Output Locations 

Card 25.1 - Output Locations 
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Card 25.2 - Output Locations on Cards 


Read this card if columns 21 through 30 on card 25.1 contain keyword CARD. Repeat 
this card NOUTLO times, one card for each node. (I = 1, NOUTLO) 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

XOj 

ElO.O “ 

X, Y, and Z coordinates for the Ith output point. 

11-20 

VOi 

ElO.O 



21-30 

ZOj 

ElO.O 



31-35 


15 

Surface number (SA array) where output point is located. 

36-40 

blank 

5X 


41-50 

GAMMAj 

ElO.O 

Local orientation of normal component in radians . 




(Measured from reference axis system) 





1 / 





— Panel 













Card 25.3 - Output Locations on Tape 

Read if columns 21 through 30 on card 25.1 contain the keyword TAPE 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

description 

1-10 

lOPTP 

A7, 3X 

Name of the tape containing the output point locations. 
Tape name must begin with an alphabetic character and must 
contain no more than 7 characters. 

11-15 

lOPFP 

15 

The file position number on lOPTP where output point data 
is found. 

(Default: 1) 

16-20 

lOPMP 

15 

tiatrix position number in the lOPFP file where output point 
data is found. 

(Default: 1) 

21-25 

I GAM 

15 

Dihedral matrix indicator 

•> 0, no matrix at dihedral angles will be read 

■ 1, matrix of dihedral anglef will be read following 
matrix of output location! 





Card 25.4 Surface Indicators 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 




Surface number (SA array) which will be used to 

1-70 


1415 

interpolate for this output point. 




(1=1, NOUTLO) 


Card Set 26.0 - Print Option 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

PRINT 

A5,5X 

Keyword indicating 

jiiatricies to be printed. 

11-40 


SA* 


3A10 

List of keywords in 

any order indicating the matrices to be 



MOD 



printed - 






1 

Keyword 

Matrix printed 





3A 

SA array (s) used to generate output mode 






shapes . 





MOD 

Interpolated output mode shape matrix 






with output locations. 


•These keywords may be used in any combination 


Card Set 27.0 - End Output Set 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

$END 

AlO 

Keyword indicates the end of the Ith set of output points. 


Repeat $MODE (card set 23.0) through $END (card set 27.0) for each set of output 
points desired. 

Card Set 28.0 - Program Terminator 


COLS. 

KEYWORD/ 

VARIABLE 

FORMAT 

DESCRIPTION 

1-10 

5QUIT 

AlO 

Keyword indicating the last data for the interpolation 
program has been read. 
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Requirements or Function 

Keywords and/ or Variables 

— 
Card Format 

Reference 
Card Set(s) 


$INTErpolation 

AlO 

1.0 

Job title (optional) 

TITLE 

A10,7A10 

2.1 

Comment Card (optional) 


A2,8X,7A10 

2.2 

Definition of magnetic file on 
which SA arrays will be written 
or read. (Optional ) 

SATAPe ISATP 

A10,A7,3X 

3.0 

If SA arrays have already been generated, and only output shapes 
are required, go to card set 22.0. 

Total number of modes r.o use 

for interpolation (optional} 

TMODE NTMODE 

AlO, 15 

4.0 

Repeat card sets 5.0 through 21.0 for each surface. 

Surface definition 

$SURFace ISURF blanks ID 

AlO, 15 
5X.A10 

5.0 

Surface transformation data 
(Optional ) 

TRANSformation data 

AlO 

6.1 

Transformation data (required 
if card 6.1 is used) 

XR YR ZR XRANG YRANG ZRANG ORDER aaa 

6E10.0.A10 

6.2 

If POLYNOMIAL method is selected, skip to card set 14.0 

Definition of nodal 
coordinate data 

nodes read from |R-|:Ference| (mETRIC ] 

A10,10X,2Aln, 

I5,5X,A10 

7.1 

Repeat card 7.2 NNOOEI tines, 6ne node per card. (1=1, NNODE!) 

Required if nodal coordinates 
read from CARD (card 7.1) 

XN, YN, ZN| RXN, RYN, RZN, 

6E10.0 

7.2 

Required if nodal coordinates 
1 read from TAPE (card 7.1) 

INTAP INFP INMP IROT 

A7,3X,3I5 

7.3 


6.5^ SUMMARY OF CARD INPUT DATA 






Requirements or Function 

Keywords and/or Variables 

Card Format 

Reference 
Card set(s) 

Input for nodal mapping 
(Optional ) 

MAPNode NNODES 

A10.I5 

8.1 

Mapping values (required if 
card 8.1 is used) 

IMAPNOj (1=1, NNODES) 

1415 

8.2 

Scalars for sorted freedoms 
(Optional ) 

SCALar SCALTX SCALTY SCALTZ 5CALRX SCALRY SCALRZ 

A10.6E10.0 

9.0 

Modal input 

MODES FROM (Optional) IISURF 

2A10.I5 

10.0 

Input of modes in combined 
freedom form (Optional) 

COMBIned from NROWCM NCOLCM ISICM ISOCH NHODCM 

3410,515 

n.i 

Repeat card NROWCM times (1=1, NROWCM) 

Required if mode shapes 
read from CARD (card 11.1 ) 

(j = 1, NCOLCM) 

7E10.0 

11.2 

Required if mode shapes 
read from TAPE (card 11.1 ) 

IMTAP IMFP IMMP 

A7,3X,2I5 

11 .3 

Note: The characters aa are used to refer to the particular 

freedom of interest, 
aa = TX, TY, TZ, RX, RY, or RZ 

Mapping of combined freedoms. 
Required if modes are input 
in combined freedom form 

MAPaa Jaa^ (I = 1, NNODES) 

A10.12I5 

11.4 

Note: If additional cards are needed for the row designation 

variables Jaaj, the format for succeeding cards is 10X,12I5. 

Card 11.4 is repeated for each type of freedom that is selected 
from the combined modes. 




Requirements of Function 

Keywords and/or Variables 

Card Format 

Reference 
Card Set(s) 

Cards 12.1 through 12.4 are repeated for each single freedom 
selected. 

Input modes in single freedom 
form (Optional) 

^ from J NROWaa NCOLaa ISlaa ISOaa NMODaa 

3A10,5I5 

12.1 

Repeat card 12.2 NROWaa times (I = l.NROWaa) 



Required of mode shapes 
read from CARD (card 12.1) 

A| j(J = 1, NCOLaa) 

7E10.0 

12.2 

Required of mode shapes 
read from TAPE (card 12.1 ) 

ISTAP ISFP ISMP 

A7.3X.2I5 

12.3 

Mapping of single freedom 
(Optional ) 

MAPaa Jaaj (I = l.NNODES) 

A10J2I5 

12.4 

Rigid surface mode (Optional) 

RIGID ISORS NMODRS 

A10.2I5 

13.1 


Repeat card 13.2 NMODRS times 



Hinge line definitions (required 
if card 13 . lis used) 

HINGE XIHL YIHL XOHL YOHL THETA IROT 

A10.5E10.0,I5 

13.2 

Repeat card set 14.0 for each SA array desired for this surface 

Selection of freedoms for 
SA array 

SA ITX ITY ITZ IRX IRY IRZ 

A10,6I5 

14.0 

Only on^ of the card sets 15 through 19 may be specified 

Selection of BEAM SPLINE 
method 

BEAMspline NBEAM 

A10.I5 

15.1 

Repeat card 15.2 NBEAM times (I = 1 ,NBEAM) 

Selection of beam nodes 

NPBj lEXTRPj IPj j (J = l,NPBj) 

215,1215 

15.2 

Note: If more cards are required for IP. , variables, the format ^ 

is 10X.12I5 

Selection of MOTION AXIS 
melhod . 

MOTIONAxis NDEF lORIEN 

AID. 215 

16.1 




Requirements or Function 


Axis definition point data 


Selection of MOTION POINT 


Selection of POLYNOMIAL 


Polynomial coefficients 


Selection of SURFACE SPLINE 


Smoothing values 
(Only if NSMTH > 0) 


Print option selection 


End of surface data 




Reference 

Keyword and/or Variables 

Card Format 

Card Set(s) 


Repeat card 16.2 NDEF times 


XRLj YRLj DYDXRLj 


MOTIONpt 


POLYNo mial lORD 


Repeat card 18.2 NTMODE times (card set 4.0) 


Print options may appear in any order on card set 20.0 


PRINT \ Location 


A10,I5 18.1 


(I = l.NPCOEF) where NPCOEF = [( IORD+1 )*( ICR0+2)/2] 

7E10.0 

SURFAce NSMTH 

A10.I5 

SMTHj (I = 1, NSMTH) 

7E10.0 


A10.3A10 

20.0 

AlO 

21,0 





































Requirements or Function 

Keyword and/or Variables 

Card Format 

Reference 
Card Set(s) 

Omit card sets 22.0 through 27.0 if interpolated mode shapes 
are n^ desired. 

Output motion to be saved 

on magnetic file (optional) 

MOTAPe IMOTP 

A10,A7,3X 

22.0 

Repeat card sets 23.0 through 27.0 for each set of output points 

Keyword indicating set of input 
data for calculating interpolated 
motion 

$M0DE IDM NTMODE 

2A10.I5 

23.0 

Aerodynamic Surface 
transformation 

AEROT AEROX AEROY AEROZ XSH YSH I 

A5,5X,5E10.0 

24.0 

Definition of output locations 

OUTLO read from | INDD INDG 

4A10,3I5 

25.1 

Repeat card 25.2 NOUTLO times, one card for each output node 
(I - 1 , NOUTLO) 

Required if output 
locations read from CARD 
(card 25.1) 

XOj YOj ZOj ISj blanks OAMMAj 

3E10.0.I5,5X, 

ElO.O 

25.2 

Required if output locations 
read from TAPE (card 25.1) 

lOPTP lOPFP lOPMP IGAH 

A7,3X,3I5 

25.3 

Required if output locations 
read from TAPE (card 25.1) 


ISj (I = 1 , NOUTLO) 

1415 

25.4 

Print options may appear in any order on card set 26.0. j 

Print Options 


A5,5X,3A10 

26.0 

End of output set 

send 

AlO 

27.0 

Program terminator 

SOUIT 

AlO 

28.0 




6.5.3 MAGNETIC FILE INPUT 


The matrices on magnetic files must be written in the READTPAVRTETP format 
(ref. 1). There are six types of matrices the user may input from magnetic file: combined 
freedoms, single freedoms, input node locations, nodal orientation angles, output 
locations of aerodynamic control points, and unit normal orientations. The use of 
magnetic files for input depends upon how the six types of matrices are specified in card 
input data (cards 7.1, 11.1, 12.1, 25.1) of keywords, NODEs, COMBIned, TX, TY, TZ, 
RX, RY, RZ, and OUTLOcations. A keyword TAPE on these cards indicates input is 
from magnetic files. If this is the case, the magnetic file name, the file position number, 
and the matrix position number in the specified file position must be specified. Each 
input matrix may be read from a magnetic file having the same or different name. The 
L215 program will rewind the magnetic file before reading each matrix specified. 
Figure 19 describes the input files. 

6.6 OUTPUT DATA 


6.6.1 PRINTED OUTPUT 

The input data for the L215 program will be echo printed. Other printed output, all of 
which is optional, is discussed below: 

• The input mode shapes in sorted single freedoms 

• The input node coordinates and rotation angles 

• The interpolation functional coefficient matrix array 

• The output aerodynamic control point coordinates 

• The interpolated mode shapes at the aerodynamic control points 

6.6.2 MAGNETIC FILES OUTPUT 

L215 will write on as many as three magnetic files, SATAP, MOTAP, and SCRAND. 
The latter is a scratch random file. The matrices contained on magnetic files SATAP 
and MOTAP are written by the WRTETP subroutine, and the matrices contained on file 
SCRAND are written by WRITMS subroutine. 

SATAP 

The magnetic file name SATAP is the default name and may be changed by input card 
3.0. The matrices written on SATAP are described in figure 20. 

MOTAP 

The name MOTAP is the default name for the magnetic file produced when mode shapes 
are generated at output aerodynamic control points. The name MOTAP may be changed 
by input card 24.0. The matrices written on MOTAP are described in figure 21. 
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File Structure For INTAP 

A NNODEI X 2 matrix if local axis coordinates are used (card 7.1) 

A NNODEI X 3 matrix if reference axis coordinates are used (card 7.1) 

A NNODEI X 3 matrix of node orientation angles; read if I ROT 9^ 0 (card 7.3) 

File Structure For IMTAP 

A NROWCM X NCOLCM matrix of modal data which contains unsorted freedoms (card 12.1) 
File Structure of lOPTP 

A NOUTLO X 2 matrix of local axis system coordinates of the output points 

A NOUTLO x 3 matrix of reference axis system coordinates of the output points 
A NOUTLO X 1 matrix of 7 angles (radians) 

File Structure For ISTAP 

A NROWTX X NCOLTX matrix of modal data representing the 5^^ freedoms 

A NROWTY X NCOLTY matrix of modal data representing the 5^ freedoms 
A NROWTZ X NCOLTZ matrix of modal data representing the 5^ freedoms 
A NROWRX X NCOLRX matrix of modal data representing the freedoms 
A NROWRY X NCOLRY matrix of modal data representing the freedoms 
A NROWRZ X NCOLRZ matrix of modal data representing the B^ freedoms 

The above matrices may appear in any order (see cards 12.1 through 12.3). 

Figure 19. — Input File Structures 
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Matrix size 


(NNODES X NTMODE)' 
(NNODES X NTMODE) 
(NNODES X NTMODE) 
(NNODES X NTMODE) 
(NNODES X NTMODE) 
(NNODES X NTMODE) 
(NNODES X 6) 

(NSAE X 1) 






*(}),S,\l/ are in degrees. 


EOF 


ith surface 
in ith file 


optional SA 


EOF 


Figure 20. — Magnetic Fife Map of SATAP 


Matrix size 


(NPTS X 3) 

[XO, YO, ZO] R 

(NPTS X 2) 

or Ixo, yo] g 

(NPTS X NTMODE) 

out 

(NPTS X NTMODE) 


(NPTS X NTMODE) 

dy 




EOF 


jth interpolation 
in jth file 


optional slopes 
EOF 


Figure 21. — Magnetic File Map of MOTAP 



6.7 RESTRICTIONS 


The primary program restrictions are listed below: 

• For the beam spline method, output slopes dSz/dy in the y-axis direction will 
be generated only if RX motions were specified in the SA array generation. 

• Streamwise interpolation using the beam spline method must take place over a 
minimum of two beams. 

• The problem size limitation is governed by the maximum size restriction of the SA 
array, which is 10 000 words. The size of the SA array is a function of interpolation 
method, number of nodes, and number of modes (see section 6.4). A guide to the 
selection of allowable input variable sizes for three methods is shown in figure 22. 
The size limitation is applied to each individual surface. 

6.8 DIAGNOSTICS 


6.8.1 FATAL ERRORS 

All fatal errors detected by the program will result in the printing of a diagnostic error 
message. These messages are self-explanatory and are of the following format. 

******** FATAL ERROR nnnnn 

DIAGNOSED WHILE EXECUTING ROUTINE name 
any additional error messages 

where "nnnnn” is the diagnostic error number and *name’ is the name of the 
routine in execution when the error was detected. Additional explanatory 
messages will be appended to the two standard error message lines. 

The following list is a brief description of each diagnostic error number: 

1. End-of-record card was encountered before $END card. 

2. Keyword (aaaaaaaaaa) with code number (nnnnn) is not recognized. 

3. FETAD error number (nnnnn) returned. 

Error number = 1, illegal tape name/number 

= 2, buffer too small 

= 3, maximum number of files have already been defined, 49 
allowed 

4. Method of interpolation not specified. 
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5. Number of available field length is xxxxx octal. 

Number of required Held length is xxxxxx octal. 

Therefore, add the difference xxxxxx octal to your current field. 

6. Input volume (aaaa) does not equal keyword CARD or TAPE. 

7. WRTETP error number (nnnnn) returned. 

Error code = 0, No errors are detected during writing. 

= lOOO+I, A forward space file error occurred, where I is the 

number of file marks remaining to be skipped when 
an end- of-information was encountered. 

= 2, The number of matrices or files to be skipped before 

writing starts is less than zero. 

= 3, The dimensioned number of rows in the matrix is less 

than or equal to zero. 

= 3000+1, A forward space record error occurred, where I is the 

number of records remaining to be skipped when 
either an end-of-file or an end-of-information was 
encountered. 

= 4, The actual number of rows is greater than the 

dimensioned number of rows in the matrix. 

= 6, The number of rows (M) in the matrix times the 

number of columns (N) is greater than the buffer size. 

8. READTP error number (nnnnn) returned. 

Error code = 0, No errors are detected during reading. 

= 1000 +1, A forward space file error occurred, where I is the 

number of file marks remaining to be skipped when 
an end-of-information was encountered. 

= 2, The number of matrices or files to be skipped before 

reading starts is less than zero. 

= 3, The dimensioned number of rows in the matrix is less 

than zero. 

= 3000+1, A forward space record error occurred, where I is the 

number of records remaining to be skipped when 
either an end-of-file or end-of-information was 
encountered. 
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= 4, Number of rows in the matrix is greater than the 

dimensioned row size in the program. 

= 5, The name check failed. 

= 6, The number of rows (M) in the matrix times the 

number of columns (N) is greater than the buffer size, 
or M or N ^ 0. 

= 7, An end-of-file was read. If it occurs while reading the 

matrix ID, no information is stored in the user’s area. 
If it occurs while reading the matrix, the ID 
information will be stored. Note that the records will 
always be in pairs, and an end-of-flle should always 
be encountered with the ID RECORD. 

9. Input matrix for (aaaaaaaaaa) row or column size (nnnnn x nnnnn) is larger than 
row or column size specified (nnnnn x nnnnn). 

10. Parent surface (nnnnn) SA array does not have degree of freedom (TX, TY, TZ, RX, 
RY, or RZ) specified. 

11. AINTL error code (aaaaaaaaaa) returned: 

Error code ^ 0, No error 

< 0, Error of the form 10H*nnnnnnnxx, 

nnnnnnn^ routine name, xx= error no. 

= lOH* AINTL 1, Interpolation coefficient array type not 

recognizable 

12. AINTG error code (aaaaaaaaaa) retuned: 

Error code ^ 0, No error 

< 0, Error of the form 10H*nnnnnnnxx, 

nnnnnnnn= routine name, xx= error no. 

= lOH* AINTL 1, Interpolation coefficient array type not 

recognizable 

13. Translation X and rotation X specified. Not legal. 

14. Translation Y and rotation Y specified. Not legal. 

15. Translation Z and rotation Z specified. Not legal. 

16. Translation X not allowed. 

17. More than one (nnnnn) translation freedom speciHed. 
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18. More than two rotation freedoms specified. 

19. No coordinates to work on. Coordinates not input. 

20. More than one (nnnnn) freedom specified. 

21. No freedom specified. 

22. INODFR error number (nnnnn) returned. 

Error number = 1 , Input volume not specified 

= 2, FETAD error detected 
= 3, READTP error detected 
= 4, Input matrix size not valid 

23. PARENT error number (nnnnn) returned: 

Error number = 1, READTP error detected 

= 2, degree of freedom not specified 
= 3, AINTL error detected 

26. BEAMI error code (aaaaaaaaaa) returned; for error code, see BEAMI listing. 

27. MOTAXI error code (aaaaaa) returned; for error code, see MOTAXI listing. 

28. MOTPTI error code (aaaaaaaaaa) returned; for error code, see MOTPTI listing. 

29. POLYI error code (aaaaaaaaaa) returned; for error code, see POLYI listing. 

30. PLATEI error code (aaaaaaaaaa) returned; for error code, see PLATEI listing. 

31. Number of SA arrays for this surface is greater than six. 

32. Number of beams (nnnnn) is less than two. 

33. Order of polynomial is less than zero. 

34. Translation freedom not specified. 

35. Rotation-translation order indicators not X, Y, or Z. 
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36. GENMOD error number (nnnnn) returned: 

Error number = 1, READTP error while reading SA array 

- 2, AINTL error 

- 3, AINTG error 

= 4, WRTETP error while writing geometry 
= 5, WRTETP error while writing Z 
= 6, WRTETP error while writing DZl 
= 7, WRTETP error while writing DZ2 

37. Rotation order X,Y,Z not specified correctly (aaaaaaaaaa) 

6.8.2 WARNING MESSAGES 

Ail warning messages will be self-explanatory and printed in the following format: 

******** WARNING MESSAGE nn 

DIAGNOSED WHILE EXECUTING ROUTINE name 
any additional warning messages 

where "nn” is the warning message number and "name” is the name of the routine in 
execution when the warning was detected. Additional explanatory messages will be 
appended to the two standard warning message lines. 

The following list is a brief description of each warning message number: 

1. End-of-record card encountered before $END card. The $END card is assumed. 

2. The maximum number of TITLE cards has already been read. The above card is 
treated as a comment. 

3. Parent surface number (nnnnn) is greater than or equal to current surface number 
(nnnnn). Parent surface modes are not calculated. 

4. Input matrix for (aaaaaaaaaa) row or column size (nnnnn x nnnnn) does not equal 
row or column size specified (nnnnn x nnnnn). 
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7.0 SAMPLE PROBLEM 


7.1 DESCRIPTION OF SAMPLE PROBLEM 

The sample problem used here consists of a high aspect ratio wing that has three 
movable control surfaces (fig. 23). Eight vibrational mode shapes were calculated using 
an elastic axis idealization. To the basic set of freedoms, three control surface rotation 
freedoms were added. The motion axis interpolation method was used for all surfaces. 

The mode shapes were defined at 34 node points where coordinates were input in the 
reference axis system. Nodal locations were on tape and were in a tip to root order. 
Mode shapes for the parent surface (main wing surface) were on tape in a combined 
freedom format. Three freedoms per node were generated Input modes were 

defined parallel and perpendicular to the motion axis. 

The parent surface motion axis was defined with eleven motion axis definition points. 
The hinge lines were used for the motion axes of each control surface. 

A total of 36 output points were read from cards in the local axis system coordinates. 
The local aerodynamic and local structural axes are the same. Output motions 
requested were surface vertical translations ( 62 ), slope parallel to the freestream 
idd^^fdx), and slope perpendicular to the freestream (dS 2 /dy). 


Boeing Commercial Airplane Company 
P.O. Box 3707 

Seattle, Washington 98124 
May, 1977 
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Sample Problem Card Input 


8 


%isTFcipniAnn>s 

MTLt Hir.M iSPFCT RATIO WiNti nITH I I >^noAL PPei-nOMS 

r. riFFINE SA TAPF FOR UUTPUT 

SATAPE SaTAP 

C DFFINF TUTftL NOMBFP OF MOOtS 

C <1 5I**UCTU«AL rtOliES t J CQHTftOL SURFACE FRECOQHS 

ThqOS U 

iSUKFACF 1 HAfN MING 

Tp iNSFORM 

77*5-l<» 0,0 150. 0«1 7, 2 ^ 0.0 UflOFR VXZ 

NOnSS FRQH Tape FtFEHFNCE 3A iNGUSH 

hooetp 1 1 

C CHANGE NODF ORDERING PPOK TIP TO ROOl TO ROOT TQ TIP 


HAPNDOt S 






35 

13 32 

31 

30 

29 

28 

20 

19 16 

17 

16 

15 

15 

b 

5 5 

1 

2 

1 


HOOF.S 






CUM4 INED 

FROM 

TAPE 


102 

hQDETP 

1 

7 




HAPT^ 

1 

2 

3 

5 

5 


13 

15 

15 

lo 

1 7 


25 

26 

?7 

28 

29 

MA PRK 

35 

36 

37 

38 

39 


57 

56 

59 

50 

SL 


59 

60 

61 

62 

63 

HAPPY 

69 

70 

71 

72 

73 


61 

82 

83 

85 

B5 


93 

95 

95 

96 

97 

SA 



1 

1 

1 

HOTIDNAXIS 11 

1 




3M- 77 

56.7 


.1555 



3 76. S 

11 7.5 

- 

.2888 



AZ7.36 

235,8 

- 

.5776 



51^. 15 

352,2 

*« 

.75051 



597, 55 

569,6 

- 

.75051 



665. 5<« 

5B7.0 

- 

. 75051 



773. 63 

705,5 

- 

.75051 



*16 l.Sl 

821.6 

- 

. 753 1 



95 0. 7 8 

939,2 

- 

.7533 



lC3o, 05 

1056,6 

- 

. 7531 



1150,0 

I 2M.0 

- 

. 7533 



PR INT 

LOCATIONS 




PP INT 

HOOE 





ItNO 






\SORFa''E 

2 

IN0O, AIL. 



27 

26 

2 5 

25 

23 

22 

21 

13 

12 

1 1 

10 

9 

8 

7 


n 

1 

L 

6 




6 

7 

8 

9 

10 

1 1 

12 

18 

19 

20 

21 

22 

23 

25 

30 

31 

32 

33 

35 



50 

51 

52 

53 

55 

55 

56 

52 

53 

55 

55 

56 

57 

58 

65 

65 

66 

67 

68 



75 

75 

76 

7 7 

78 

79 

80 

86 

87 

88 

09 

90 

91 

92 

90 

99 

no 

101 

102 




IP 4NSf JR« 
779. 1 -# 

C 

Nuoes 

700. 

700. 

c 

‘‘OPES 
R I 0(0 
hiNGE 


0-0 150-09 7, P. 

nooes on hinge line 

FflriH CARO LOFAI. 2 

350. 0.0 

515. r.,0 

PARENT surface is main rtlNC SURFACE 
FKOH I 

9 1 

700, 35^. 700. 5l5. 


0.0 


1.0 


PRD‘:ft yjf/ 


7.2 SAMPLE PROBLEM INPUT AND OUTPUT 



SA 


1 

L 1 

HflTlONAXlS 2 

0 


700, 

350. 

0. 


700. 

515. 

0. 


PRINT 

SA 



PRINT 

LOCATIONS 


PRINT 

MODE 



f€N0 




iSURFACF 

3 

I. A. TAB 

IRANSFJRH 




779.19 

0.0 

150.09 

7.+ 2. 

r 

NODES ON 

HINGE LINE 

NODES 

FROM 

CAROS 

local 2 

7bO,5 

445.0 

0*0 


750.5 

515.0 

0.0 


C 

PARENT SURFACE IS 

INBOARD AIL. 

MODES 

FROM 

2 


RIGID 

U 

\ 


HINGE 

750.5 

445.0 

750. 5 515. 

SA 


1 

1 1 

MOnONAXIS 2 

0 


750,5 

445.0 

0. 


750.5 

515-0 

0. 


PRINT 

LOCAT IONS 


PRINT 

Knot 



SFNO 




iSURFACE 

4 

OUTbD. 

AIL 

transform 




779,19 

0.0 

I5Q.09 

7. 2. 

r 

NODES ON 

HINGE LINE 

NODES 

FROM 

CARD 

LOCAL 4 

065.0 

850.0 

0.0 


1027.264 

950.0 

0.0 


1089.528 

1050.0 

0.0 


1130.0 

1115.0 

0.0 


C 

Parent surface is 

MAIN MING SURFACE 

MODES 

FROM 

1 


RIGID 

iO 

1 


HINGE 

965.0 

850.0 

1130.0 1115.0 

SA 


1 

1 1 

HOTIONAXIS 2 

0 


965. 

BSC, 

0. 


1130. 

1115. 

0. 


PR INT 

LOCATION 



PR INT 

MODE 



iFND 




MOTAPE 

HOOCOUT 



SMOOE 

747 HING 



AEPOT 

779.19 

0.0 

150.09 

OUTLO 

peau frof 

CARD 

LOCAL 36 

15 7.0 

96.9 

0-0 

1 

3J4.0 

96. S 

0.0 

1 

534.3 

96.9 

0.0 

1 

665.1 

96.9 

0.0 

1 

310.6 

26ti.2 

0.0 

I 

4M.4 

288.2 

0.0 

1 


OHDEP 


ORDER 


8 ? 


\Xl 


YXZ 


E 


623. 8 

2ftd.2 

72<».8 

288.2 

<.72.3 

671.6 

‘>83.6 

671.6 

709.6 

671.6 

791. a 

671.6 

620. 1 

662.1 

711.0 

662.1 

61^.3 

662.1 

aai.e 

662.1 

753, 5 

795.1 

fl?9. 5 

795*1 

* 115.9 

795,1 

972-^ 

795.1 

86 L. a 

926.5 

926.8 

976.5 

1001.3 

926.5 

10H9.9 

926.5 

966.2 

1032-5 

1003.9 

1032.5 

1069.6 

1032.5 

1112*6 

1032.5 

iooa.5 

in 0.6 

1060.6 

1 1 10.6 

1119.7 

1110.6 

1158.6 

1110.6 

106t>. 6 

1156.0 

1095.2 

1158.0 

1150.6 

1158.0 

1106.6 

ii5a.Q 

pa INT 

NODE 

♦ END 


♦QUIT 



0.0 I 

0.0 i 

0.0 1 

0.0 1 

0.0 2 

0.0 1 

0.0 I 

0.0 1 

0.0 1 

0.0 I 

0.0 I 

0.0 1 

0.0 1 

0.0 I 

0.0 1 

0.0 1 

0.0 1 

0.0 A 

0.0 1 

0.0 I 

0.0 1 

0.0 ^ 

O.o 1 

0.0 1 

0.0 L 

0.0 4 

0.0 I 

0.0 I 

0.0 1 

0.0 I 



Sample Problem Output 


PROGRAM INT5RPA VERSION U/27/75 
RFGINNING FXECUTION ON THE 0CS 6600# 
CATe OF RUN IS 76/10/14. 

TIME OF RUN IS 20. 4.31 


( AINTERPOLATION PROGRAM 1 

(TITLE HIGH ASPECT RATIO WING WITH U MODAL FREEDOMS I 

(C DEFINE SA TAPE FOR OUTPUT I 

(SaTAPE SAIAP ) 

TAPE NAME (SATAP > WHERE SA ARRAYS ARE STDKFD. 

(C DEFINE TOTAL NUMBER OF MODES ) 

(C a SfRUCTURAL MOOES ♦ 3 CONTROL SURFACE FREEDOMS » 

( TMODE 1 1 I 

TOTAL NUMBER OF MODES IS LI 

(ASURFACE I MAIN WING ) 


SURFACE NUMBER < LI NNEH(]NIC tOENT IF ICAT TON IS (MAIN WING I 


(TRANSFORM 


X 

7.792E*02 


TRANSLATION 

V Z 

.0 t.S0lE^02 


rotation (OEGHEES) 

PHIX PHIY PHIZ 

r.OOOEfOO Z.DOOFi^OO .0 


) 


ROTATION 


TRANSLATION 


9.99 39'T8E-0i 
4.293L79E-03 
3.463936E-02 


• 0 

9.925462E-01 

-L.2LB693E-0I 


-3.489950E-02 

1.2L795IE-01 

9.9194L5E-01 


7.79L900E4^02 

• 0 

L.500900E4^02 


INODES FROM TAPE REFERENCE 34 ENGLISH > 

NODE COORDINATES ARE INPUT FROM (TAPE I IN (REFERENCE I AXIS FRAME (N THE (ENGLISH I UNIT SYSTEM. 

NUMBER OF NODES TO. BE READ IS ( 341 

TAPE NAME - HQOETP 

FILE POSITION * I 

MATRIX POSITION - I 

ROTATION MATRIX INDICATOR - 




-0 



cn 


Of Viitif S SCLfCM?«0 


53 

10 


3? 

Ifl 


3 I 
J 7 


30 ?<} 


IS 

\ 


3<* 

20 
fr 

(cuHefNFo FR(iw 

piif ^‘asiTjoN - 

OAfftU POSITION * 7 

*tOT*TlON MATPfX INOICATOP - 


U 
3 2 

TAPP 


3« 

2s 

K 

M2 


77 
1 3 


Zh 

t? 


?S 
r t 


H 

if) 


2) 

9 


Z7 


c «4PT2 


r 'iaprk 


MAPfty 


f S4 


2 3 ^ 

>3 M i5 li, 

26 2T 2,j 

56 3r 3/, 

5<3 

60 61 62 

^0 7J 72 

03 H4, 

'J5 9b 9 7 

SELscreD fftfeooMs^RE ^ 


25 

35 

W 

59 

67 

ai 

03 


7 

IT 

29 

39 

51 

b'3 

73 

«5 


6 

U 

30 

90 

52 

69 

?9 

86 

9e 


19 

3t 

9i 

53 

65 

T5 

b7 

99 


B 

20 


9 

21 
33 
93 
55 
67 
77 
67 
10 i 10? 


32 

92 

59 

66 

76 

By 


10 

ZZ 

39 

99 

56 

6» 

7« 

90 


U 

23 

95 

57 

7q 

91 


0 0 I I 10 


2t 


12 

29 

96 

50 

«C 

9? 


/ **0»’JONA* [5 ^ 

« 0 J I 0 « A * J J scHtw 

-T eouAL 0. ...Pe.orcuu« ro ,ocn wm,o„, u«e 


X-LOC 

3-b3»c^^2 5 

J-76SE+02 I 
9,279F^02 2, 

5#12U^02 3, 

5. 779e»02 9, 

6.e5Sc*02 5, 

7- 736t #02 f\ 

0.6J5F#a2 8^ 

9.986e*-02 9. 

J*0JeFf03 u 
1#150E#03 \. 

COCAT IONS 
OPTjo^ j5 

KOOp 

OPTION IS 

i 1PNI> 


1 

2 
3 
9 

5 

6 
T 
B 
9 

10 
2 1 


V-iOC 

.aroe»Qi 
.1T9 e »02 
. 3vd6*02 
« 522 p <02 
.696€>02 
►»70Ff02 
: Q99E*Q2 
>2188#02 
392P»02 
CS7e»03 
^U£»03 

2 ICQ 


SLOPE 

-l,999£^01 
-2,86 8f-0l 
-5^7766-01 
-T,509 P-o| 
'• 7.509e-0l 
-7^509€-01 
-7* 509E-01 
-7.9338*01 
-^-»9336-o\ 
-7.9338-01 
-7. 9336^01 


4 (KO 


1 i 


7t 


I ( 
U 


} 

I 


i 

i 


i 


J 


1 


) 


) 


i 


} 


p 



TJTLt 


TULE HIGH ASPECT RftTlO WlHG WITH \\ mQtil 1-RFEOQHS 


INPUT H09F SHAPES TRANSLATION - I 


ROW 

INODE 
1 INODE 

2 K 0 DF 

3 NOOE 

4 N 0 DE 

6 N 00 E 

1 

l . OOOE^OO 

1 . 55 SE *02 

“ 5 - ai 5£-02 

2 . 275 E -02 

2 . 972 E -02 

2 

l . OOCE^OO 

*0 

1 # S 55 E 4^02 

- 5 * 7 aBB “02 

2 . 251 F -02 

2 * 924 E -02 

3 

1 . 00064^00 

.0 

1 . 5 $ SE *02 

- 5 . 687 E '02 

2 . 159 E -02 

2 . 743 E -02 

4 

NOOOEtOO 

.0 

1 . 555 E +02 

- 5 . 501 E -02 

I . 991 E -02 

2 ^ 420 E -02 

5 

l.OOOEfrOO 

.0 

U 47 BE *02 

- S . 482 E -02 

1 . R 99 E -02 

2 . 272 E -02 

6 

L . 000 E 4'00 

.0 

Ul 9 aE «'02 

- 5 . 253 E -02 

1 . 479 E -02 

i , 448 E - a 2 

7 

I .OOOEfOO 

U 091 E +02 

- 5 « liaE-02 

U 3 I 0 E -02 

l , 076£^02 

B 

i . oooe*oo 

.0 

S , 350 Et-oi 

- 4 . 842 E -02 

W 030 E -02 

3 - 947 E -03 

9 

UOOOE^OO 

.0 

6 * 350 e 4 - 0 l 

- 4 * O 10 £- O 2 

3 . 860 E -03 

' U 313 E -02 

ID 

L . 000 E 400 

.0 

2 . 940 E * 0 l 

- 2 , 92 ie -02 

- 1 . 331 E -03 

- 3 , 430 E -02 

u 

l , O 00 E +00 

.0 

2 « 300 E «01 

- 2 * 752 E -02 

- 2 * 0 <» 4 E -03 

- 3 , 75 T 6-02 

L 2 

L . OO 0 E 4 OO 

• 0 

- 2 - 20 OE 4 OI 

- 4 . 021 E -03 

- 8 * 193 F -03 

- 7 - 384 E -02 

13 

l , 000 £ f 00 

.0 

- 5 * 050 e »01 

l . 4 lflE '02 

’ l . 072 E '02 

- 9 . 779 E '02 

14 

uoQoe»oo 

.0 

- 6 . 350 e*Ql 

2 . 39 BE-QZ 

- U 159 E -02 

- U 093 E -01 

IS 

1 .OOOEfOO 

.0 

“ 6 * / 2 OEfr 0 l 

2 * 694 E -02 

- U 16 SF -02 

- 1 , 12 fc £- 0 l 

16 

UOOOFiOO 

“ 8 . S 50 E 4 Cl 

4 * 33 ae -02 

- 1 . 222 F -02 

- 1 . 291 E -01 


(D 


6NaDE 

7N00E 

-i.l30E-0l 

-U737E-02 

-!♦ IOlE-01 

-1.660E-O2 

-9.930E-02 

-K413E-02 

-7.991E-02 

-9.663E-03 

-7,l00E-02 

-7,444E-03 

'2. 72SE-02 

4*326E'-03 

-9.X03E-03 

9*374E-03 

2.166E-D2 

X*a3SE-02 

9.215E-02 

3*B92E-02 

1.541E-0I 

6.201E-O2 

L«623E-01 

6*627e-02 

2-296E-01 

9.e25E-02 

2.502E-01 

U151F-01 

2,S27E-0\ 

1,21BE-01 

2.510E-01 

1.235E-01 

2.4i;e-0l 

1.29<f£-0l 


\ 


tiNOOE 9HnOE 

2*0T0E-02 .0 

U911E-02 *0 

I*^76E-02 -0 

7^2856-03 .0 

3-671E-03 *0 

-1.460E-02 .0 

‘ 2 , 208 E -02 «0 

-3*4i76E-02 ,0 

-6.I25E-02 .0 

-0-71OE-O2 .0 

-9*036E“02 .0 

-I.104E-01 .0 

-ltl22F-01 ,0 

-1.096F-0L *0 

-1.083E-0I -0 

-9.761E-02 


lOHdne 

. 0 
• 0 
.0 
• 0 
.0 
.0 
*0 
.0 
♦ 0 
.0 
.0 
.0 
.0 
.0 
«0 


0 


0 


0 




i 7 

^OOftOO 

.0 

-1- l0-iF*02 

6, '*<.5 6-02 

-I . f 4l( - J2 

-[ .5026-01 

2. I«5r-0I 

1. 3C4F-01 

- 7 . 5lt'='--02 

,0 

.0 

IR 

1 «O00E*OO 

.0 

-1.4956*02 

1-1196-01 

-6.904F-03 

-U 7066-01 

l-6646-Ol 

1 . 1696-01 

-2,7046-02 

,0 

.0 

19 

1 .OOOf *00 

.0 

-1.5256 *02 

1. 1766-01 

-6.40«6-O3 

-1. 0086-01 

1.6046-01 

1 -12R6-01 

'2.092E-0? 

.0 

.0 

20 

1 .OOOE»-O0 

.0 

-1.9956*02 

1.8506-01 

0. 8756-01 

-1.9756-01 

b. 596E-02 

5.2626-02 

5-537F'02 

.0 

.0 

21 

l.000€*00 

.0 

-2-2436*02 

2,2546-01 

2-M2F-02 

-1,9696-01 

1. 2926-02 

fl.02bF-O3 

9,0246-02 

. 0 

. 0 

22 

KOGOtfOO 

«0 

-2.4026*02 

2- 52U6-OI 

3. 3 76 6-02 

-1.9066-01 

-2, MSE-02 

-2.303C-02 

1 .(1366--01 

.0 

.0 

23 

1 .oooe*oo 

.0 

-2.0 r4E*02 

3.439E-01 

fl. 357f-02 

-1.4516-01 

-1. 0506-01 

-1.2636-01 

9.633E-02 

,0 

.0 

24 

\ .OCOFI-OO 

.0 

-2-9426*02 

3.5756-01 

9.3666-02 

-1.34^6-01 

-1. 1196-01 

-1.396F-01 

0.5676-02 

.0 

,0 

25 

U0006*00 

.0 

-3. 1056*02 

3. 9196-01 

1. 221E-01 

-1.041E-01 

-1.1956-01 

-1.6096-01 

4.491F -02 

,0 

.0 

’6 

l.OOOEtOO 

.0 

-3.4046*02 

4-563E-01 

1. 9H4E-01 

-1.3596-02 

-1.0096-01 

-2.0856-01 

-7,39p«=-02 

.0 

,0 

27 

i ,ocoe*oo 

,0 

-3. 575£*02 

4. 9426-01 

2. 3376-01 

1. 500F-02 

-7. i24E-02 

-2.1 78F-01 

-1, 509E-O1 

.0 

.0 

2tf 

uocie^oo 

-0 

-3. 7466*02 

5. 3296-01 

2,8246-01 

6.9436-02 

-3- 1956-02 

-2. 1236-01 

-2.0916-01 

.0 

.0 

29 

1 .QOOE *-00 

.0 

-3.8B56*02 

5.6556-01 

3,2446-01 

1,1916-01 

8. 0536-03 

-1.9396-01 

-2.386F-01 

,0 

.0 

30 

1.0006*00 

.0 

-4.43 re*02 

6.972F-01 

5.1076-01 

3.456€-0l 

2. 2396-01 

-1 .6716-02 

-1.9666-01 

.0 

.0 

31 

1.0006*00 

.0 

-4 .6226*02 

7- 4316-01 

5.H0B6-01 

4.3526-01 

3.2116-01 

9. 1166-02 

-1.0406-01 

.0 

.0 

12 

1 .oocF*on 

.0 

-5.0566 *02 

8. 5316-01 

7,5546-01 

5.674f-0l 

5-8996-01 

4, 304F-01 

2.6516-01 

. 0 

. 0 

1 ) 

i.000€*09 

.0 

-5.4406*02 

9,664F-0| 

9.4l7f-0t 

7.216^-01 

9.026C-0I 

8.637f-01 

6. C35E-01 

.0 

.0 

U 

L.0006*)0 

-5.6226*02 

1 .000F*n0 

1.0006*90 

l.00O*:«.00 

1.0006*00 

1 .0006*00 

1 .00)C*3C 

.0 

,n 


• n 



tNPUl MOr>e SnaPES ROTATION - X 


ROW 

IHOOF 

MHOOE 

2HnOE 

3HQDE 

4M00F 

5H00E 

6NOOF 

rMODE 


OHQOF 

iomooe 

1 

.0 
• 0 

.0 

I. 701E-0S 

-U616E-05 

-3.229E'05 

1.933E-04 

4*675E-05 

-0.O34e-O5 

• 0 

*0 

2 

.0 

• 0 

.0 

3-124F-05 

-2.833E-OS 

-5.57eE“05 

3-342E-04 

7.936E-05 

-U352E-04 

*0 

.0 


.0 

.0 

.0 

4« 104E-0S 

-3.715F-05 

-7.248E-05 

4* 344E-04 

1.018E-04 

-1,7230-04 

.0 

.0 

h 

.0 

»0 

.0 

5.661E"05 

-5, 123E-05 

-9.810E-05 

5.B76E-04 

U340F-04 

-2*234E-04 

.0 

.0 

5 

.0 
• 0 

-4,aftoe-oi 

Z^005€-05 

'6*32SE“0S 

-l*07«e-04 

6.287e-Q4 

U59ZE-OA 

-2.567E-04 

.0 

,0 

t 

• Q 
.0 

-4.aao€-oi 

5.'7U)E-05 

-7*e92E-05 

-U724E-Q4 

e,4eBE-04 

2.362E-0«» 


,0 

,0 

7 

.0 

.0 

-4%BeOE-01 

7. SITE -05 

-B,474E-05 

-14970E-04 

9.24aE-04 

2,t»53E-04 

-3,fiS4E-04 

*0 

.0 

e 

.0 

.0 

-4.a&oc-oi 

W012E-04 

-9.34SE-0S 

-2.3S7E-04 

U031E-03 

3,0nt-04 

-4.149E-04 

,0 

.0 

9 

• 0 
.0 

-4.aaoE-oi 

l*605E-04 

-W097E-04 

-3*l01E-04 

1.195E-03 

3,56XE-04 

-4*294E-04 

*0 

*0 

10 

♦ 0 
• 0 

-6*008E-01 

2-159B-04 

-6*2fllE-05 

-3.953E-04 

K003E-03 

4,252E-04 

-4*166E-04 

*0 

.0 

11 

.0 

• 0 

-6.008E-01 

2. 3<WE-04 

-8.241E-05 

-4.172E-04 

9. 766E-04 

4.238E-04 

-3.740E-04 

*0 

*0 

12 

.0 

.0 

-6,OO0£-O1 

3-554E-04 

'6.B53F-05 

-4.992E-04 

6.576F-04 

3.839E-04 

-U2B1E-04 

*0 

• 0 

13 

• 0 

•0 

-6.OO0E-OI 

4.313E-04 

-4.590E-05 

-5.209E-O4 

2*404E-04 

3.298E-04 

6«336E-03 

.0 

.0 

14 

«o 

.0 

-6.OO0E-O1 

4 . 709E-04 

-2.940E-05 

-5.361E-04 

-4,836£-05 

2.933E-04 

l*703E-04 

*0 

.0 

15 

.0 

.0 

^6.00aE-01 

5*OZ5E-04 

-U403E-O5 

-5.306E-O4 

-2.977E-04 

2.592F-04 

2.5956-04 

.0 

.0 

lb 

*0 

.0 

-6,OO0E“Ol 

5-573E-04 

2.iS3E-0o 

-5*2750-04 

-4.390E-04 

1.359F-04 

4-1H2E-04 

.0 

.0 

17 

.0 

.0 

-6,008E-0l 

6*479F“04 

3 . 840 E -05 

- 4 . fl 5 ? E - fl 4 

-6. 766E-04 

-9, 259E-05 

6.5bdC-04 

.0 

.0 

10 

• 0 

-6,ooaF-oi 

7. 375<:-04 

0,087E-O5 

-4«025E“04 

-9.0h2F-04 

-3-524F-04 

8.392t-04 

.n 

.0 


8 


-D 


19 

.0 
• 0 

-A.oc^e-01 

8. 19flf-04 

K452F-04 

-2.9i 56-04 

-1.095F-03 

-6.249F-04 

9.6 356-04 

.0 

.0 

20 

.0 

.0 

-6.008E-01 

9. 2»7€-04 

2.403E-O4 

- 9 . 550 E-O 5 

-1.2656-03 

-9,4406-04 

9.4l6F-^4 

.0 

.0 

21 

• 0 
• 0 

-6.oniie-oi 

1.021E-03 

3.772E-04 

1.360E-04 

-1.3006 -03 

-1.167E-03 

6.944E-04 

♦ 0 

.n 

22 

.0 

.0 

'6,OD8E-0l 

1.095f-03 

5.0716-04 

3 . 6566-04 

-1. 236E-D3 

-1 .2896-03 

3.3296-04 

.0 

.0 

23 

.0 

.0 

-6*ooae-oi 

U205E-03 

a. 2916-04 

B. 3216-04 

-7,5526-04 

-l.24<:-0i 

-7.1396-04 

.0 

. 0 

24 

.0 

,0 

-6*008f-0l 

1. 2316-03 

9«445E-04 

9.766E-04 

-5. 3026-04 

-U173E-03 

-1.0976-03 

.0 

.0 

25 

• 0 
.0 

-S.96vt-0l 

1.273E-03 

U 1556-03 

I. 2536-03 

-2. 1476-05 

-9.6136-04 

-1.0686-03 

.0 

.0 

26 

.0 

.0 

-5,964E-01 

1.306E-03 

U5UE-03 

i. 5906-03 

6.6096-04 

-5.7586-04 

-2.9036-03 

.0 

.0 

22 

♦ 0 
• 0 

-5.964e-0l 

1. 340E-03 

1. 6466-03 

1.01 16-03 

1.2216-03 

-4.459E-05 

-2.3406-03 

.0 

.0 

2B 

.0 

.0 

-5.9646-01 

U 366E-03 

1.7526-03 

1.9916-03 

1.5266-03 

4.5126-04 

-1.6906-03 

.0 

.0 

29 

«0 

.0 

-5.964F-01 

U394E-03 

1.8606-03 

2. L90E-03 

1.08OE-O3 

1.0756-03 

-0. 2306-04 

.0 

.0 

30 

. 9 
.0 

-5.964E-01 

4626-03 

2. 1656-0 3 

2. 7406-03 

2.8496-03 

2.9136-03 

2.0316-03 

,0 

.0 

31 

.0 

.0 

-5.9646-01 

U495E-03 

2.3126-03 

3.0216-03 

3.3666-03 

3.971E-03 

3.8176-03 

.0 

.0 

32 

• 0 
.0 

-5.9646-01 

1.534E-03 

2.5056-03 

3.370E-O3 

4.0606-03 

5.4346-03 

6.5576-03 

.0 

.0 

33 

c 0 

-5,964f-0I 

J.553E-03 

2.6036-03 

3. 5566-03 

4.4286-03 

6.2376-03 

8.2476-OJ 

.0 

.0 

34 

.0 

-5.9646-01 

1.555E-03 

2 . 626 E -03 

3.5776-03 

4.50BE-03 

6.4016-03 

0 . 836 E - O 3 

.0 

.0 


4O 


0 



INPUT MOOE SHAPES ROTATION - Y 


ROW 

IHOOF 

llMOOb 

2M0DE 

3M00E 

AHQOt 

5 NODE 

ohOnE 

7HQDE 

8H0Dt 

9H0DE 

lONOOE 

1 

«0 
• 0 

UOOOE^OO 

9.212E-05 

7.8376-05 

-1.278F-05 

-5.438E-05 

-4.7396-06 

1.326E-05 

.0 

.0 

2 

.0 
• 0 

l.OOOE^OO 

9.046E-05 

2.7156-05 

-8.669E-06 

-5.4496-05 

-1.186E-05 

2.274E-05 

• 0 

• 0 

3 

.0 

«0 

l.OOOF^OO 

8.929E-05 

2.624E-05 

-5.839E-06 

-5.384E-05 

-1.667E-05 

2.893E-05 

• 0 

.0 

4 

• 0 
• 0 

I.000E«>00 

8. 736F-05 

2.473E-05 

-1.181E-06 

-5.264E-05 

-2.457E-05 

3.9056-05 

• 0 

• 0 

5 

• 0 
• 0 

B.728E-01 

U046E-04 

-7.105E-06 

-4.B29E-05 

2.653E-04 

4.083E-05 

-7.206E-05 

.0 

.0 

6 

• 0 
*0 

a«72SE-01 

1.013E-04 

-5.199E-05 

-1.9UE-05 

5.14BE-04 

-2.974E-05 

9.778E-06 

• 0 

.0 

7 

• 0 
• 0 

e.726E-01 

9.947E-05 

-7.629E-05 

-3.269E-06 

6.559E-04 

-6.806E-05 

5.428E-05 

.0 

• 0 

B 

.0 

.0 

8.728E-01 

9,633E-05 

-1.165E-04 

2.269E-05 

8.814E-04 

-1.2 6E-04 

1.157E-04 

.0 

• 0 

9 

.0 

.0 

8.728E-01 

8 . 904E-05 

-2.1UE-04 

B.360E-0S 

1.401E-03 

-2.634E-04 

2.630E-04 

.0 

.0 

10 

o o 

• • 

7.994E-01 

1.160E-04 

-3.418E-04 

9«e5BE-09 

2.200E-03 

-3.719E-04 

3.906E-04 

.0 

• 0 

11 

.0 
• 0 

7.994E-01 

1.187E-04 

-3.841E-04 

1.176E-04 

2.431E-03 

-4.193E-04 

4.392E-04 

.0 

.0 

12 

• 0 
• 0 

7.994E-01 

1.317E-04 

-9.938E-04 

2.U2E-04 

3. 952E-03 

-6.371E-04 

6.427E-04 

• 0 

• 0 

13 

.0 
• 0 

7.994E-01 

1.412E-04 

-7.4696-04 

2.795E-04 

4.370E-03 

-7.961E-04 

7.912E-04 

• 0 

• 0 

lA 

.0 

.0 

7.996E-01 

1.465E-04 

-8.316E-04 

3.161E-04 

4.821E-03 

-8.767E-04 

B.602E-04 

.0 

.0 

15 

.0 

.0 

7,994E-0l 

1.509E-04 

-9.003E-04 

3.4486-04 

5.177E-03 

-9.342E-04 

9.052E-04 

.0 

• 0 

16 

.0 

.0 

7.99«-0l 

1.591E-04 

-9.9576-04 

3.8526-04 

5.057E-03 

-8.908E-04 

8.526E-04 

.0 

• 0 

17 

.0 

.0 

7.994E-01 

U735E-04 

-1.165E-03 

4.600E-04 

4.8106-03 

-8, 174E-04 

7.613E-04 

.0 

• 0 

18 

.0 

.0 

7.99^E-0l 

l-901E-')4 

-1.358E-03 

5.446E-04 

4.529E-03 

-7.342E-04 

6.582E-04 

.0 

.0 


<0 



8 


19 

.0 

.0 

7.9<J4E-0l 

2.073E-04 

-U55OE-03 

6.236E-04 

4. 199E-C3 

-6.292E-04 

5.429F-04 

.0 

.0 

20 

.0 

.0 

7.994E-«0l 

2. 34 7E-04 

-U852E-03 

7.444E-04 

3.632E-03 

-4.467E-04 

3.3776-04 

.0 

.0 

21 

*0 

.0 

7.994E*01 

2.646E-04 

-2*l80E-03 

8.762E-04 

3«013E*C3 

-2.482E-04 

1.147E-04 

*0 

• 0 

22 

o o 

7.994e-0l 

2.935E-04 

-2*489E-03 

9.979E-04 

2»392E-03 

-6.550E-05 

-e«674E-05 

.0 

• 0 

23 

• 0 
.0 

7.994E-01 

3.568E-04 

-3.153B-03 

1.251E-03 

1.004E-03 

3. 348E-04 

-5.0396-04 

.0 

• 0 

24 

O o 

• • 

7,994E-0l 

3. 775E-04 

-3.371E-03 

1.334E>03 

5.491E-04 

4.654E-04 

-6.404E-04 

*0 

.0 

25 

• 0 
• 0 

8«026E*01 

4* 118E-04 

-3.785E-03 

l*476E>03 

-3.414E-04 

6*8996-04 

-8.712E-04 

.0 

• 0 

26 

O O 

• • 

8.026E-01 

4.666E-04 

-4.343E-03 

1.679E-03 

-U575E-03 

9.6176-04 

-1.179E-03 

*0 

.0 

27 

o o 

8.026E-01 

4.698E-04 

-4*361E*03 

U690E-03 

-1.611E-03 

9.636E-04 

-1.3746-03 

• 0 

• 0 

26 

o o 

B.026E-01 

4« 703E-04 

-4.377E-03 

U699E-03 

-1.640E-03 

9.7136-04 

-U536E-03 

.0 

.0 

29 

• 0 
.0 

8.026E-01 

4. 707E-04 

-4.388E-03 

1.708E-03 

•1.661E-03 

9.732E-04 

-1.719E-03 

.0 

• 0 

)0 

o o 

B.026E-01 

4. 740E-04 

-4.422E-03 

1.738E-03 

-K736E-03 

9.465E-04 

-2.439E-03 

• 0 

• 0 

31 

o o 

8.026E-01 

4. 762E>04 

-4.435E-03 

U759E-03 

-1.763E-03 

9.fo7E-04 

-2.854E-03 

• 0 

• 0 

32 

• 0 
.0 

8.026E-01 

4.815E-04 

-4.465E-03 

L.806E-03 

-1.826E-03 

9.274E-04 

-3. 8206-03 

.0 

.0 

33 

.0 

.0 

8.026E-01 

4. 852E-04 

-4.487E-03 

UB43E-03 

-U869E-03 

9.339E-04 

-4.5836-03 

• 0 

.0 

34 

.0 

8.026E-01 

4.885E-04 

-4,506E-03 

1.876E-03 

-U907E-03 

9.391E-04 

-5.272E-03 

.0 

.0 


.0 



INPUT POINT LOCATIONS IREFERFNCF AXIS) 


ROW 

X 

Y 

/ 

THFTA-X 

THFTA-Y 

TH6TI-7 

1 

U 13AE«03 

5.171E^01 

1. A33F*02 

7.000E«’00 

2.0006*00 

.0 

2 

I.ISAE^OB 

6.3S2E«Cl 

I.A48E*02 

7.oooe*oo 

2.0006*00 

.0 

3 

I.ISAF^OS 

9.131F*0l 

l.A82Ft02 

7.oooe»oo 

2.0006*00 

.0 

A 

l.l55FtC3 

l.27SE«02 

1. 527E^02 

7.000F«-00 

Z.OOOE^OO 

.0 

5 

1.162E«03 

UA0AF*O2 

U5A0E^02 

7»OOOE^OO 

2.000E*00 

.0 

6 

1.192E*>03 

U923E»02 

1»593E»02 

7.000E»00 

2.000E*00 

.0 

7 

U201E^03 

2.099E^02 

U6UE»02 

T.OOOE^OO 

2.0006*30 

• 0 

8 

1.217E«03 

2.372E^02 

U639F«>02 

7.O00Et00 

2.0006*00 

• 0 

9 

1.2A7E^03 

2.913E«02 

U69SE*02 

7.000E«-00 

2 .0006*00 

• 0 

10 

U281E*03 

3.390E>02 

l.792E*02 

7.000E«>OQ 

2.0006*00 

• 0 

11 

1.286E«03 

3.A5AE«02 

U 7A8E«02 

7.000E«^00 

2.0006*00 

• 0 

12 

1.33AE«03 

4*078E»02 

l«a08E4>02 

7*000E«-00 

2.000E*00 

• 0 

13 

1.362E^03 

A.AASE^02 

U844E«02 

7.000F4-00 

2.0006*00 

.0 

IV 

1.375E«03 

A.617E*02 

l.B60E«>02 

7.000E4-00 

2.000E*00 

.0 

IS 

1.379E«>03 

A.665E«-02 

1.865F4^02 

7.000E4-00 

2.000E*00 

.0 

16 

1.397F*03 

A.913E«-02 

1.8A9E4>0Z 

7.000E«-00 

2.0006*00 

.0 

17 

l.A22E«03 

S.2AAE«-02 

1.92lEt02 

7.P00E*O0 

2.0006*00 

.0 

18 

l.A60E«^03 

5.73«F»02 

1.96BF*02 

7.000E*00 

2.0006*00 

• 0 





19 

1.464F+03 

5. 796E+02 

1. 974P*-02 

7.000F*-00 

2. 000 E *-00 

.0 

?0 

1,511E»03 

6.409E*0? 

2.033E*02 

7. CODE ♦00 

2-onoE+nD 

.0 

2L 

L.536C4-03 

6.739E»02 

2.064E4-02 

7.000E*00 

2.000Et00 

.0 

22 

U552E4Q3 

6.943E«Q2 

2.084E«-02 

7.000E+00 

2-OOOE+OO 

.0 

23 

l.6CCE«-03 

7.574E^02 

2 * 14SE^02 

7.000E»00 

2.000E*00 

• 0 

24 

l.6C7f*03 

7.662E402 

2.153E4^02 

7.000E«-00 

2.000E*00 

• 0 

25 

l.623E*03 

7.881E402 

2.174E^02 

7.oooe^oo 

2.000E+00 

• Q 

26 

1.653F+03 

8«278E»02 

2*213E*02 

7.000P*00 

2.000E»00 

.0 

27 

1.670E403 

8.506E402 

2.235E402 

7.000E«00 

2.000E>00 

.0 

28 

L.687F403 

8.734E*02 

2*257E*02 

7.000 E *00 

2.000E*00 

.0 

29 

1.701E^03 

8.923E402 

2.275Efr02 

7.000E+00 

2.000E*00 

.0 

30 

1.757E+03 

9.657E402 

2.346E402 

7.000E«-00 

2.000E«-00 

• 0 

31 

1.776E+03 

9.905F402 

2.370E»02 

7.000 E*00 

2.000E^00 

.0 

32 

L.819E4-03 

1.048E»03 

2.426E«^02 

7.000E+00 

2.000E4-00 

.0 

33 

1.863E403 

U107E403 

2.483E402 

7.000E*O0 

2.000E«00 

.0 

34 

1.876E403 

U124E403 

2.499E«’02 

7.000F+00 

2.000E*00 

• 0 



INPUT PCIINT LOCATIONS UCCAL AXIS 


I 


ROM 

X 

1 

3. 750E*C2 

2 

3. 7506^02 

3 

3.750E4-02 

9 

3, 7506^02 

5 

3.827E*02 

6 

9. 120E»02 

7 

9.219E«02 

B 

9.370E4-02 

9 

9, 6706^02 

LO 

5.0llF*02 

ll 

5,060E*-02 

12 

5,53CE*02 

13 

5.810£»02 

19 

5.990E*02 

15 

5.977E*02 

16 

6. L60E«02 

17 

6.9l0E«-02 

18 

6,790E*02 

19 

6.830E«-02 

20 

7. 300E«02 

21 

7.59 8E + 02 

22 

7.707E*02 

23 

B.18CE«02 

29 

8.?97Et02 


V 

5.2lOE*OI 

6 .^ 00F*-01 

9.200E+01 

l.285E«02 

l.<rl5E*02 

l,937F^02 

2.115E*02 

2.390E*02 

2,935E*02 

3.415E4-02 

3.A80E«02 

A,l09E«-02 

^.478E4-02 

^. 652 E *02 

A,T006»02 

^.950E*02 

5.283E+02 

5,78lE*-02 

5.a40F#-02 

6.457E*>02 

6,790Ft02 

6.995E»02 

7.631E*^02 

7.720Et02 


I 

-1.376E-06 
-U<i20E-06 
-1.521E-06 
-1.653E-06 
-1. 724E-06 
-2,006E-06 
-2. lOOE-06 
-2,2^9E-06 
-2.5A2E-06 
-2.823E-06 
-2.862E-06 
-3.239E*06 
-3.461E-06 
-3. 565E-06 
-3. 59AE-06 
-3. 743E-06 
-3.9A2E-06 
-9,2A3E-06 
-4.277E-06 
-4.6A9E-06 
-A.8A8E-06 
-4.973E-06 
-5.353F-06 


THETA-X 


thfta-y 


CO 

Cn 


THETA- 


-5,9066-06 



I 


i 


25 

8,9l0E*-02 

7.940E»02 

-5-538E-06 

26 

8.7C9Ef02 

8.390E»02 

-5. 777E-06 

27 

d.880P«>02 

8.570E*02 

-5.915E-06 

?B 

9.051E4-02 

a.800E«02 

-6.052E-06 

29 

9. l90Ef02 

8.990E«02 

-6. 165E-06 

30 

9,792E*02 

9.730E*02 

>6.6076-06 

31 

9.928E4’02 

9.979E»02 

-6. 756E-06 

32 

1.036E4-03 

L.056E^03 

-7.106E-06 

33 

U080E»03 

U115E^03 

-7.456E-06 

39 

l.093F»03 

I.132E4>03 

-7.5606-06 


I 


(ISURFACF 3 IN60* AIL. ) 

SURFACE NUMBER I 3) MNEMONIC IDENTIFICATION IS (INBO. AIL. I 

(TRANSFORM I 

TRANSLATION ROTATION (OEGREESI 

X Y 2 PHIX PHIY PHU 

7.792E«>02 *0 L.501E«>02 7«QO0E«>00 2.000E«00 .0 

ROTATION TRANSLATION 

9.993908B-01 .0 -3.A89950E-02 7.791900E»02 

A.253179E-03 9.925A62E-01 1.217951E-01 .0 

3.463936E-02 -U218693E-01 9.919A15E-01 l.500900E*02 

(C NUDES ON HINGE LINE I 

( NODES FROM CAR D LQC AL 2 I 

NODE COORDINATES ARE INPUT FROM (CARP I IN (LOCAL I AXIS FRAME IN THE (METRIC I UNIT SYSTEM. 

NUMBER OF NODES TO BE READ IS ( 21 

7.0000E«02 3.S000E4’02 .0 ‘.0 -.3 >.0 

7.0000E»02 5.1500E^02 .0 -.0 -.0 -.0 

(C PARENT SURFACE IS MAIN UlNG SURFACE I 

(MOOES FROM I > 

(RIGID 9 1 I 

(HINGE 700. 350. 700. S15. L.O I 

( SA 111 > 

SAIll SELECTED FREEDOMS ARE 0 0 1 I 1 0 

(MOTIONAXIS 2 0 I 

MOTION AXIS SCHEME 

NUMBER OF DEFINITION POINTS « 2 

INDICATOR FOR ROTATION RX ORIENTATION I 01 
EQUAL 0, FREESTREAM 



NOT 

EQUAL Ot PERPENDICULAR 

TO LOCAL STRAIGHT LINE MOTION AXIS 


X-LGC 

Y-LOC 

SLOPE 


1 

7.000F*02 

3.500E»02 

*0 


2 

7.000E4-02 

5. L50E«02 

.0 


(PRINT 

SA 





PRINT OPTION 

IS 1 (SA 

M 

M 1 

( PK INT 

LOCATIONS 





PRINT OPTION 

IS 3 (LC 

M 

M 1 

( PRINT 

MODE 




i 

PRINT OPTION 

IS 7 (MO 

l( 

M I 


(SEND ) 


CD 

<r 



TITLF 


TITLE HIGH »SPECT RATIO WING WITH 11 MODAL FREEDOMS 


INPUT MODE SHAPES TRANSLATION - X 


ROW 

IHODE 2M0DE 

IIMOOE 

3M00E 

4M0DE 

5M006 

1 

o 

o o 

.0 

.0 

.0 

2 

• 0 .0 
• 0 

.0 

.0 

.0 


INPUT MODE SHAPES 

TRANSLATION - 

V 


ROW 

IMODE 2M00E 

IIMOOE 

3 MODE 

4M0DE 

5H00E 

1 

• 0 .0 
.0 

• 0 

.0 

.0 

2 

o 

• 

o o 

• • 

• 0 

«0 

.0 


INPUT MODE SHAPES 

TRANSLATION • 

1 


ROW 

IMOOE 2MOOE 

IIMOOE 

3MOOE 

4M00E 

5MODE 

1 

U000E«>00 -U683EA02 

.0 

-1.098E-02 

1.02SE-01 

-1.353E-01 

2 

l.000e«*00 -U695E+02 

.0 

7.5A6E-02 

4,908E-02 

-U862E-01 


INPUT MODE SHAPES 

ROTATION - X 



ROW 

IMODE 2MOOE 

1 IMODE 

3MQ0E 

4M0DE 

5 MODE 

1 

.0 1.9AIE-02 

.0 

3. 777E-04 

-1.663E-04 

-3,727E-04 

2 

-0 1.889E-03 

6.070E-04 

-0.O47F-O4 

-1.256E-04 


.0 


6M00E 

7MODE 

8 MODE 

9M006 

lOMODE 

.0 

.0 

.0 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

6H00E 

7M00E 

8M00E 

9 MODE 

lOHUOE 

• 0 

.0 

• 0 

*0 

• 0 

• 0 

• 0 

.0 

.0 

• 0 

6MOOE 

7M0DE 

8MOOF 

9M00E 

lOMOOE 

-A.134E-01 

2.322E-01 

-2.317E-01 

.0 

.0 

-7.645E-02 

1 .773E-01 

-1.043P-01 

.0 

.0 

6M0DE 

7M00E 

UMODE 

9M0nE 

lOMOOE 

1. 143E-03 

1.345E-04 

1.469E-04 

.0 

.0 

2.226E-03 

-3.994E-04 

9. I34E -04 

.0 

• 0 



INPUT MCf'P SHAPES HOTAUCN - V 


ROW 

IMOOE 

UMOOE 

2M0DE 3M0DE 

AMODE 

5M0DF 

6 M0DE 

7Hoor 

8H00E 

9M0n6 

lOMcne 

1 

-.0 

<J.762E-0l -1.023E-0A 

-7.Q2AE-OA 

6 . 136E-OA 

A.517E-03 

-U071E-03 

8.587E-0A 

1.000E*00 

-.0 


-.0 









2 

-.0 

9,996E-01 -2.500E-04 

-7,465E-0A 

6.312E-0A 

A.632E-03 

-8.107E-0A 

3,51AF-0A 

i.onoF*oo 

-.0 


-.0 










INPUT MODE 

SHAPES ROTATION - 1 








ROW 

IMOOE 

IIMODE 

2M0DE 3M00E 

AMODE 

5H00E 

6M00E 

7M0DE 

8M0DE 

9MOOE 

lOMOOE 

1 

• 0 

«0 .0 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 


• 0 









2 

.0 

• 0 .0 

• 0 

*0 

• 0 

• 0 

• 0 

• 0 

«0 


.0 










INPUT POINT LOCATIONS (REFERENCE 

AXIS! 







HOW 

X 

Y Z 

THETA-X 

th^ta-y 

THETA-Z 





1 

l.AB0E*03 

3.474E*02 1.683E*02 

7.000E*00 

2.000E+00 

.0 





2 

1. 4816*03 

S.ll2E^02 1.B84E402 

7.000EA00 

2,O00E*00 

.0 






INPUT POINT LOCATIONS ILCCAL AXIS 
ROM X V Z 

1 7.000E4-02 3.500e«02 .0 

2 7«000E«O2 5.I50E«02 ,0 

SA ARRAY (FUNCTIONAL COEFFICIENTS! 

ROW 

1 202 POINTER TO LAST ELEMENT 

2 HOTIONAXIS method OF INTERPOLATION 

T l<»0 POINTER TO TRANSFORMATION 


A 

n 

MCOLS, TOTAL 

NUMBER OF MOOES 






5 

1 

MCOLlf MODES 

1 Thru Menu 

WILL BE ZEROS 






6 

11 

MCOLNi MOOES 

MC0LN*1 THRU 

MCOLS WILL BE ZEROS 






7 

2.000EACO 

2.000E*00 

7.000E4-02 

7.0006*02 






IL 

3.500EA02 

5.150F+02 

.0 

.0 .0 

l.650E*02 

• 0 

.0 

7.0006*02 

• 0 

21 

.0 

.0 

• 0 

i. 6 sne *02 i.oooF*oo 

l.000E*00 

-l.6fl3F*02 

-l.695E*02 

-1.0986-02 

7.5A6E-02 

31 

1.025E-CI 

A.908E-02 

-1.353E-01 

-1.862E-01 -A.13AE-01 

-7.6A5E-02 

2.322E-01 

1.7736-01 

-2. 3176-01 

-1.0A3E-OI 


I 

thfta-x theta-y theta-z 
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I 


41 

.0 

.0 

.0 

.0 

-0 

.0 

.0 

.0 

1.941E-02 

1. 884E-03 

51 

3* 777E-C4 

6,070E-04 

-U663F-04 

-fl. 04^6-04 

-3. 727P-04 

-1.256C-04 

1, 1436-03 

2.226E-03 

1.345E-04 

-3.994E-04 

61 

1.469P-04 

9, 1J45-0A 

• 0 

.0 

.0 

.0 

.0 

.0 

• 0 

.0 

71 

9,762f-0l 

9.996E-01 

-U'023E-n4 

- 2 . 500 F - n 4 i 

-7.924E-04 

-7.465E-04 

6. 136E-04 

6. 3126-04 

4.517E-03 

4.632E-03 

41 

-1.071E-03 

-8. 107E-04 

8.987E-04 

3.5I4E-04 

l.000E*00 

l.OOOEtOO 

• 0 

• 0 

.0 

.0 

91 

2-153E-17 

2.153F-17 

-7.A39E-03 

-7,439E-03 

5.239E-04 

5.239E-04 

-3.237E-04 

-3.237E-04 

-3.0B4E-04 

-3.G64E-04 

101 

2.042E-03 

2.042E-03 

-3.325E-04 

-3.325E-04 

7.724E-04 

7.724E-04 

.0 

.0 

.0 

.0 

111 

• 0 

• 0 

• 0 

*0 

-1.062E-04 

-1.062E*04 

1.390E-06 

1.3906-06 

-3.869E-06 

-3.869E-06 

121 

1.49BE-06 

1.498E-06 

6*S62E*08 

6.562E-06 

-3.236E»06 

-3.236E-06 

4.645E-06 

4.645E-06 

.0 

.0 

m 

• 0 

• 0 

.0 

.0 

.0 

.0 

1.417E-04 

1.417E-04 

-8.952E-07 

-8.952E-07 

Ml 

2.779E-07 

2.779E-07 

U068E>07 

1.068 e-0 7 

6.916E-37 

6.916E«'07 

1.578E-06 

1.578E-06 

-3.0756-06 

-3.075E-06 

191 

.0 

• 0 

• 0 

• 0 

.0 

• 0 

III II 

1 1 III 

mil 

mil 

161 

Itlll 

mil 

mil 

mil 

mil 

mil 

mil 

mil 

iim 

mil 

171 

mil 

mil 

HIM 

I III I 

HIM 

mil 

mil 

mil 

mil 

mil 

181 

mil 

mil 

iim 

1 im 

mil 

mil 

mil 

Mil I 

mil 

9.9946-01 

191 

201 

202 

6.293E-03 

l.901E>02 

MOTIONAXIS 

3.466E-02 *0 

METHOD OF INTERPOLATION 

9.925E-01 
LAST UORO 

-1.219E-01 

-3.490E-02 

1.21BE-01 

9.919E-01 

7.792E*02 

.0 


L. 


((SURFACE 3 l.A. TAB I 

SURFACE NUMBER ( 3| MNEMONIC IDENTIFICATION IS (l.A. TAB I 


(TRANSFORM 


X 

7.792E«02 


TRANSLATION 

Y I 

•0 1.901E»02 


ROTATION (DECREES) 

PHIX PHIY PHU 

7.000E*00 2.000E«>00 .0 


I 


ROTATION 


TRANSLAT ION 


9.993908E-01 .0 

4.2S3W9E-03 9.9254626-01 

3.463936E-02 -I.218693E-01 


-3.4B9950E-02 

1.2179516-01 

9.919615E-01 


7.7919006*02 

.0 

1.5009006*02 


(C NODES ON HINGE LINE 

(NODES FROM CAROS LKAL 2 

NODE COORDINATES ARE INPUT FROM (CAROS I IN (LOCAL 

NUMBER OF NODES TQ BE READ IS ( 21 


) 

I 

) AXIS FRAME IN THE (METRIC I UNIT SYSTEM. 


7.50506*02 4.4500E*02 .0 -.0 -.0 

7.5050E*02 5.15006*02 .0 -.0 -.0 

1C PARENT SURFACE IS INBIURO AIL. 

( MODES FROM 2 

(RIGID 11 1 

(HINGE 750.5 445.0 750.5 515. I.O 

(SA 111 

SA(II SELECTED FREEDOMS ARE 0 0 I 1 1 0 


(MOTIONAXIS 2 0 

MOTION AXIS SCHEME 


) 


NUMBER OF DEFINITION POINTS « 2 

INDICATOR FOR ROTATION RX ORIENTATION ( 01 

EQUAL 0. FREESTREAM 

NOT EQUAL D, PERPENDICULAR TO LOCAL STRAIGHT LINE MOTION AXIS 
X-LQC Y-LOC SLOPE 


1 7. 505E*02 4. 450E* 02 . 0 

2 7.5056*02 5.1506*02 .0 


(PRINT 

LOCATIONS 
PRINT OPTION IS 

2 (LC 

l( 

l( 

(PRINT 

NODE 

PRINT OPTION IS 

6 (MO 

M 

l( 


(SEND 


) 


O 





•«*««^««»««^«*«**«*»******t*#« T I TLE ♦♦♦•***♦♦•♦**♦*♦- 

TITLE HIGH ASPECT RATIO WING WITH 11 MODAL EPEEHCMS 


INPtT MODE SHAPES TRANSLATION - X 


ROW 

IHODE 

IIMODE 

2M0DE 

3M0nE 

4M0QE 

5 HOOF 

6M00E 

7H0DE 

8 MODE 

9MOOE 

lOMODE 

1 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

• 0 


.0 










2 

.0 

.0 

.0 

.0 

• 0 

.0 

• 0 

.0 

.0 

.0 


• 0 


INPUT MODE SHAPES TRANSLATION - V 


ROW 

IMOOE 2H0DE 

IIHOOE 

3H0DE 

AHODE 

5 MODE 

6H0DE 

7M0DE 

8H0nE 

9M0DE 

LOMODE 

1 

.0 .0 
• 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

2 

o 

o o 

.0 

.0 

\ 

.0 

.0 

.0 

.0 

• 0 

.0 


INPUT MODE SHAPES TRANSLATION - 

1 







ROW 

IHOOE 2HODE 

IIHOOE 

3H0DE 

ANODE 

5 NODE 

6H0DE 

7H00E 

BHODE 

9HQDE 

lOHODE 

1 

l.OOOF*30 -2.190EA02 

• 0 

A.825E-02 

I.IOAE-Ol 

-1.9616-01 

-A.508E-01 

2.A71E-01 

-1.870E-01 

-5.050E+01 

.0 

2 

l.OOOE^OO -2,200E*02 
• 0. 

8.809E-02 

8.6776-02 

-2.181E-01 

-3. 1036-01 

2. 1836-01 

-1.220E-01 

-S.OSOE^Ol 

.0 


INPUT MODE SHAPES 1 

ROTATION - X 








ROW 

IHOOE 2H0DE 

IIHOOE 

3 MODE 

A MODE 

■ 5HOOE 

6M0DE 

7H0DE 

ANODE 

9M00E 

1 OH COE 

1 

• 0 2,l6<»E-03 

.0 

5.5^9E-0<» 

-5.A79E-0A 

-2.358E-0A 

1.7326-03 

-2.526E-0A 

7.A35E-OA 

• 0 

.0 

2 

.0 -5.2726-03 

6. 522E-0A 

-8.188E-0A 

-1.309F-QA 

2. I91E-03 

-A.791E-0A 

1.069E-03 

.0 

.0 


.0 


I. 



103 


I 

\ 

\ 


I 

i 




JMPDT shapes flOiATins - v 

POh IHOOE 2HUDt 3M00£ AMilDt 

11 MODE 

1 *0 '»,U97F-01 -1.673E-04 -7.f>60E-0^r 

UOOOFi^OO 

2 ,0 9,996e-0l -2,$00e-0^ -7.<r6!>e-0<. 

UDOOEfOO 


INPUT HOOE SHAPES ROTATION - Z 

ROW IMODE 2HDDE 3MDDE ^MODE 

ilHODE 

1 .0 *0 *C .0 

.0 

2 .0 *0 «0 «0 

.0 


INPUT POINT LOCATIONS IREFERENCE AXIS) 

KQW X Y Z THETA-X 

1 t.$31E«03 4.417E»02 l»76LE«02 7«OOOE+O0 


2 U531E*03 5.1l2Ef02 l.a66E«'02 7»000E»00 


INPUT POINT LOCATIONS I LCCAL AXIS I 
ROW X Y Z ThETA-X 

I 7*^05Ef02 A.450E+C2 .0 

Z 7.50*xE*02 5*150E^Q2 .0 


5 M 0 DE 6 M 00 F 

6 - 23 tiE ' 0 ^ A . SB 3 E -03 

6-312E-04 A.O32E-03 

5M0DE 6H00E 

-0 *0 

• 0 «0 

THETA-y ThETA-Z 

2.000E4-00 .0 

2,»OOOF»00 .0 

THETA-V THETA-Z 


TMODC 8M0nE 

-‘>. 212 F - D<i S . bbSE-OA 
“ftpl07E-04 3.5KE-04 

7K00E artOPE 

• 0 .0 

• 0 • 0 


9MQDE lOHQDE 

l.0O0E*00 .0 

l,0O0E*O0 .0 

9H0DE lOMODE 

.0 .0 

.0 .0 


2 


snapACE 


4 UUTdO. Alt 

NUHHtR I 4 | MNEKONIC 


IP6NT1F TCAT tun 


(UUTbO. AIL) 


( THANSFORK 


t 

7- 792E»OZ 


Tfl AN5LAT10N 

V I 

.0 U50ie*02 


ROTATION (DCHREES) 

PM[x PHiy PHiZ 

T.OOOet-OO 2.000E+00 .0 


<J,993«!0a£ -01 
<.- 253 lT 9 F “03 
J<<»639366-02 


ROTATION 

.0 

9.92S462E-01 

-U2l«693E-0l 


-3-9699506-02 

U2179516-01 

9-919915C-01 


TRAN5LAT ION 

7.7919006*02 

-0 

1.5009008*02 




) 


iC NODES ON HfNCe LtNC 

I NODES fron Caro local 

NODE COOROINATFS ARE INPUT FRQH <CARO 
NUMBER OF NODES TO 6E READ IS ( 9) 


/ 

\ 

IN (LOCAL \ ARIS frame in IHE (H6TBIC I UNIT SYSTEM. 


9-fc500e*02 a.SOOOEi-02 -0 -.0 

1.02736*03 9.50006*02 .0 -.0 

1.08956*03 L. 05006*03 .0 -.0 

1.1300E*03 L«U50E*03 .0 '.0 

(C PARENT surface is main WING SURFACE 

(MODES FPDN 1 

(RIGID 10 L 

(MINCE 965.0 650.0 1130.0 1115-0 

ISA 111 


SA(t) SELECTED FREEDOMS ARE 0 0 I 1 L 0 


-.0 

-.0 

-.0 

-.0 


-.0 

-.0 


--0 

--0 


(MQTIONAXiS 2 0 I 

MOTION AXIS SCHEME 

NUMBER OF OEFIMTION POINTS - 2 

INDICATOR FOR ROTATION RX ORIENTATION ( 0| 

EQUAL 0, FR6FSTREAH 

NOT EQUAL Oi P6RFEN01CULAR TO LOCAL STRAIGHT LINE MOTION AXIS 
X-LOC V-LOC SLOPE 


1 

9.65CE*Q2 

8.500E*02 .0 



2 

1. 130E*03 

U115E*03 .0 



(PRINT 

LOCATION 





PRINT OPTION 

IS 2 (LC 

I ( 

) I 

(PRINT 

MODE 





PRINT OPTION 

IS 6 ( MC 

1 1 

I ( 


1 


I 


C SEND 


1 


1 



105 


••*«*«***«t*** 4 ««««»*ft»***««*« rriLF •••••••*•••••••• 

title high aspect ratio wing with 11 HOOAL EWEEDOHS 


INPUT HOOE SHAPES TRANSLATION - K 


ROW 

IMOOE 

uvwot 

2NOOE 

3HOOE 

4M00E 

SMOOE 

1 

• 0 

.0 

.0 

• 0 

*0 


• 0 





2 

• 0 

• 0 

.0 

.0 

*0 


• 0 





3 

.0 

.0 

.0 

• 0 

.0 


.0 





A 

.0 

*0 

.0 

.0 

.0 


• 0 






input node 

SHAPES 

rftANSLATlUN - 

Y 


RON 

INODE 

iihooe 

2HQDE 

3N0DE 

4HOOE 

5M00E 

1 

*0 

*0 

*0 

*0 

.0 


.0 





2 

«o 

.0 

• 0 

«0 

.0 


.0 





3 

.0 

«0 

• 0 

.0 

.0 


• 0 





4 

*0 

.0 

.0 

,0 

• 0 


.0 






INPUT MODE 

SHAPES 

TRANSLATION - 

1 


RON 

VHODE 

IIHOOE 

2H0DE 

3HQ0E 

4H00E 

SHOOE 

1 

l.OOOE+00 - 

.0 

4.34SE+02 

5, I79E-01 

5*925E-01 

-1.897F-02 

2 

l.OOCEtOO - 

.0 

4.967E»02 

6*898f-0i 

7.B92E-01 

2.845E-01 

3 

i.nooF^ort - 

.0 

9*591E»02 

8.719E-01 

U032F+00 

6.T48E-01 

4 

i.ooot*oo - 

5. 994E»02 

9,930«'-ni 

l.?03Ff00 

9.534E-01 


.0 


6H0DE 


7N00E 

BHQOE 

9H00E 

lONODE 

«0 

,0 


• 0 

«0 

*0 

.0 

• 0 


• 0 

.0 

.0 

.0 

• D 


.0 

• 0 

• 0 

«0 

*0 


.0 

• 0 

• 0 

6H0DE 


7H0DE 

pHonf 

9KQ0E 

lOHOOE 

,0 



«0 

• 0 

*0 

• 0 

.0 


mO 

• 0 

.0 

.0 

.0 


.0 

.0 

.0 

.0 

• 0 


• 0 

• 0 

• 0 

6H00E 


7H0DE 

©MODE 

9M0DE 

lOHODE 

9.622E-02 

-2,e.89F-0l 

-U103E-O1 

«Q 

• 0 

3,619E-01 

-2.n9E-02 

-1.679E-02 

.0 

1.281E-04 

7.866E-01 

5.37aE-01 

6,J37E-0I 

.0 

2. S63E'04 


I- ine*^oo 


l.OUE+00 


1 . 2 fl ?£*00 


0 


-9.095E-13 
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INPUT Moie SH<\P6S hotation - n 


flOM 

mnce 

1 IHGOF 

2M0PE 

3M00F 


5H00F 

6N00F 

7H0UF 

HHOOE 

oHuor 

lOMCnt 

1 

.0 

.0 

1. 3^0E-O^ 

1, 38TE-03 

-1, 139F-0 3 

2*6766-03 

9. 2166-09 

1 . iaOE-03 

-l,566t-03 

.0 

5. 206 E -01 

2 

.0 

.0 

U26dF*n4 

L.^6AE-‘03 

-0-3606-09 

3. 306F-03 

1.956F-03 

3. 2626-03 

1 .2656-03 

.0 

5. 2866-01 

3 

.0 

.0 

1. l6^E-0<. 

1- 522E-03 

-6.1656-09 

3. 0916 -03 

2.2936-03 

5 .1796-03 

3.5836-03 

.0 

S. 2866-01 


• 0 
.0 

3- 230E-03 

1.5A1E-03 

-5»639 F-09 

3. 9926-03 

2,9996-03 

5.7086-03 

3.978E-03 

.0 

5. 2066-01 


INPUT KODE 

SHAPES 1 

ROTATION - Y 








WOH 

IHQOE 

IIHQDE 

2H00E 

3H00E 

9Mn06 

5M006 

6H006 

7MOOF 

RHOOe 

9H0DE 

1 OH ODE 

1 

-.0 

- .0 

q.Q99E-01 


-9.6156-03 

1- 3356-09 

-2.373E-03 

3. 36LE-09 

-8.5666-09 

-.0 

tt. 9096-01 

2 

-.0 

-.0 

9.999E-01 

“^.966E'09 

-9.8956-03 

-2.B12E-09 

-3. 259E-03 

-1.2906^03 

-9-181E-03 

-.0 

0.9096-01 

3 

0 o 

1 1 

9*990E-01 

-5* 2826-09 

-5^ 1066-03 

-5.9016-09 

-3.9036-03 

-2.601E-O3 

-7.5856-03 

-.0 

a.969E-Ol 

(» 

.0 

.0 

9.999E-01 

-5* 309E-09 

-5. 105E-O3 

-6. 1936-09 

-9. 2UE-03 

-3.095E-03 

-9.989E-03 

-0 

0,9096-01 


INPUT HOOE 

: SHAPES 

rotation - L 








PDw 

IHQDE 

iiKooe 

2M00E 

3NDD6 

9HD0E 

5H00E 

6H006 

TNOOE 

BHOnE 

9H006 

lOHCDE 

1 

o o 

. Q 

• 0 

.0 

-0 

• C 

-0 

.0 

.0 

.0 

2 

.0 

.0 

-0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

3 

• 0 
.0 

.0 

. 0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

4. 

.0 

.0 

• 0 

.0 

.3 

.0 

,0 

.0 

.0 

.0 


.0 
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INPUT PUINT locations 

1 AFfFReNCF 

AXIS) 



PHh 

t 

i 

1 

THFTA-X 

TrttTA-Y 

THFT A-7 

1 

1 .7^7E»03 

fl.437E*02 

2,l99Et02 

7,0O0F*0n 

2.000E»00 

.0 

2 

KBl OEfOJ 

9^*29f*02 

2^299E*02 

7- 000 Ef DO 

2.000E *-00 

«D 

3 

Ua73E*03 

l.042E*D3 

2*400Et02 

T.OOOE^OO 

2.onoE*oo 

.0 


U913E403 

1.107E+03 

2^ff65E*02 

7.000Ef00 

Z-OOOEfOO 

• 0 


INPUT POINT locations 

tlOCAL AXIS 




Rnu 

X 

t 

Z 

ThFTa-x 

THETA-Y 

THETA-Z 

1 

9,650P*02 

8.300E*02 

.0 




z 

K027Ef-03 

9.500E40^ 

*0 




3 

U090F+03. 

l.050E*OJ 

.0 




4 

K130E«D3 

1-115E»03 

.0 
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tMOTAPe HQOEQUT 

TAPE name ^MgoEOUTJ khFPF IM £ PPflL M E D MODAL OOIPUT IS H(^|TTFn. 

( thOOf 7^ 1 liiNC 

UFROT 779.19 0.0 150.09 

AfROOrNAKfC SUflFACe TR A«Sf 0«HAT f □«< 

ORIGIN OFF-SGI 

X ^ 7.79ZE+0? X - -.0 

y - -0 y » -.a 

I ■ 1.501E»02 

IOUTLO read from CARO LOCAL 36 3 

OUTPUT locations ARE INPUT FROM ICARO 1 IN I LOCAL 1 AXIS FRAME, 

NUMBER OF OUTPUT POINTS * 36 

INDICATOR FOR GENERATING SLOPES - 3 

INDICATOR FOR GAHHA (NORMAL ORIENTATIONS) - 0 


BO- X Y I TSURF 

1 1.67BF»C2 9.690=4^01 .0 1 

2 3^1A0e*02 9.690E4-0L .0 I 

3 5.3A1E*02 9.690Ef0l ,0 1 

A 6.b5(E«C2 9,690E«^0L *0 1 

5 3.1S6G»02 2«6fl2E*0? .0 1 

b A»b|AE*02 2,BB2E»02 .0 1 

7 6.23Be402 2.862Et02 *0 I 

0 7.290etO2 2. £826*02 .0 I 

9 A.72BE*OZ 4*7166*02 ,0 1 

10 S. B36E*02 4. 7166*02 .0 I 

Li 7-0966*02 4«7L66*02 .0 2 

12 T.91BE*02 4.7166*02 *0 3 

13 6.2DiE*02 6.4216*02 .0 I 

14 7.1106*02 6.4216*02 .0 I 

15 8.1436*02 6.4216*02 .0 1 

16 8.8106*02 6.4216*02 .0 J 

17 7.5356*02 7.9516*02 .0 I 

18 6.2956*02 7.9516*02 .0 \ 

19 9.1596*02 7.9516*02 .0 1 

20 9.7246*02 7.9516*02 .0 I 

21 B.bl3E*02 9.2656*02 .0 L 

22 9.26BE*02 9.2656*02 .0 I 

23 l.O0lE*O3 9.2656*02 .0 I 

24 1.0506*03 9.2656*02 .0 4 

25 9.4626*02 1.0326*03 .0 1 

26 1.0046*03 1.0326*03 .0 1 

27 1.070E*03 1.0326*03 -0 I 

20 Ull2F*03 l.C326*03 .0 4 

29 1.0086403 1.1106*03 .0 

30 1.061F*03 1.1106*03 .0 

31 1.1206*03 1.1106*03 .0 

32 1.1S6E*03 1,1106*03 .0 


4 



M U0476*03 l-l5qe*-03 *0 

34 U0S5F*03 l.l«>8e»C3 .0 

35 1*150E*03 l.l5Be*03 .0 

16 Ul«6e+03 L.L5dE*03 .0 

tPRrNT HOnE 

PPINT OPIIUN IS 0 <HU0E 


( IFNO 


o 


OUTPUT I>01NT l( 1CAT[ONS ABE SH!fTEO LOCAl. COOBDlKAfES 


BOW 

X 

Y 

1 

niSPLACtHENf 1 






1 

U 5T8Ef 02 

9,690E*0l 

.0 

1 -0O0F*0O 
2.555E-02 

3. 7526*02 

.0 

-3.036E-O2 

.0 

2. 0896-02 

.0 

2.792F-02 

-1. 265E-QI 

-2 .0076-02 

2 

3.3^0E»02 

9.690E*01 

- 0 

1-0006*00 

).6&3E'02 

1.9736*02 

-0 

-5. 3266-02 

• 0 

2.2 796-02 

.0 

2, 7*lF-02 

-1 .0286-01 

-1 . 5l5«=-02 

3 

5.1<i3e*02 

9. 6906*01 

. f] 

1 .0006*00 
1.6756-02 

8.886F *00 

.0 

-7.2026-02 

.0 

2.13*6-02 

-0 

3- 106E-02 

-1.2376-01 

-1. *516-02 

<« 

6.65ie»02 

9,6906*01 

.0 

U0O0E*00 

-6-037F-02 

-1 - 3806*02 

-0 

-7.-«.35E-02 

.0 

3. 799E-02 

.0 

U*05£-0* 

-1.9*86-01 

*.7l3£-02 

5 

3.1BbF»0? 

2.6B2f*02 

.0 

l-0Q0F*00 

-1-771E-02 

2- 1106*02 

.0 

-3.7536-02 

.0 

-5.6006-0* 

.0 

8.6**6-03 

1.0*16-01 

i .*966-03 

6 

<^.6U£t02 

2,0826*02 

• 0 

1.0006*00 

-5.739E-02 

6-9026*01 

.0 

-*.1226-02 

.0 

*.2*66-03 

• 0 

-1.0506-02 

8.601E-02 

3.563E-02 

7 

6.238E*02 

2.8626*02 

• 0 

1-0006*00 
-1. 6736-01 

-9.532F*0l 

• 0 

-3-879E-02 

.0 

5.736E-02 

.0 

-6.6576-02 

-1.9*56-01 

1. *196-01 

6 

7.290E*O2 

2,B826*02 

.0 

1.0006*00 

-2.5436-01 

-1-9756*02 

.0 

-3.0766-02 

.0 

1.2516-01 

.0 

-1.2*56-01 

-5.6286-01 

2. *316-01 

q 

<i-720E*OZ 

6.7166*02 

-0 

1-0006*00 

-*•5896-02 

5. 6**6 *01 

♦ 0 

9-9306-03 

.0 

-6.8176-02 

.0 

-5.3526-02 

5.0876-01 

3. *806-02 

LO 

5.036E4-Q2 

6-7166*02 

.0 

1-0006*00 

-9.9*66-02 

-5.32*6*01 

.0 

2.5326-02 

• 0 

-2.l5*E-02 

.0 

-1.0516-01 

3.107E-01 

UllOG^l 

II 

7.096fcfr02 

4-7166*02 

-0 

1-0006*00 
-1. *256-01 

-1-7806*02 

-9.6006*00 

5. *756-02 

.0 

7.0*16-02 

.0 

-1.7086-01 

-2.0926-01 

2.0026-01 

12 

7.910E *02 

*.7166*02 

. 0 

1-0006*00 

-l-8236-Ol 

-2.60*6*02 

9.1006*01 

7.2116-02 

• 0 

1.3206-01 

-*-l3OE*0l 

-2. 303*= -01 

-5.8756-01 

2. 725F-01 

n 

6.20lE«-02 

6,*2l£*02 

• 0 

1-0006*00 

2.4136-02 

-8.9636*01 

.0 

l.*3aE-0l 

.0 

-1.5356-01 

• 0 

-1.2376-01 

*.8lQE-0i 

6.2656-02 

i<. 

7. IIOE*02 

6. *216*02 

. 0 

1.0006*00 

4-580E-O2 

-1.8056*02 

.0 

1.7*96-01 

.0 

-1.08*6-02 

-0 

-I.A60E-01 

1.3U6-01 

6. 007F-02 

1$ 

0. U3E*02 

6. *216*02 

. 0 

1.0006*00 
8.959 6-02 

-2.0386*02 

.0 

2. 129E-0L 

.0 

1.813E-01 

.0 

-2. 5906-01 

-1.9*56-01 

1.559E-02 

16 

8.6I0E«^O2 

6. *216*02 

- 0 

l-OOOF*00 
1. 3266-01 

-3-5126*02 

.0 

2- 3786-01 

.0 

3.6 66-01 

.0 

-3.1286-01 

-3.o**e-oi 

-5, Z81E-02 

1 7 

7.535€*02 

7.9516*02 

.0 

l.OOOf *00 
7.BUE-02 

-2.229F*02 

.0 

3.5216-01 

.0 

-1.3636-01 

.0 

-7,2526-02 

5.456E-03 

-9. *736-02 



Ill 


l« 

8.295E+02 

7.95LE^C2 

• c 

l.OOOE^OO 

4.740F-02 

-2.99JE4-02 

.0 

3.882E-0I 

.0 

7.8706-02 

.0 

-9.704E-02 

-1.205E-01 

-1.565E-01 

19 

9.l596f02 

7.96lEfn2 

.0 

l.OOOF+00 

6.057F-03 

-3.854E*02 

.0 

4.229E-01 

• 0 

4. 383E-01 

.0 

-1.3956-01 

-U382E-02 

-2.624E-01 

20 

9.724E^02 

7.951E^02 

.0 

UOOOE^OO 

-8.348E-03 

-4.419E+02 

-0 

4.459E-01 

.0 

6.912E-01 

.0 

-1.607E-01 

9.807E-02 

-3.187E-01 

?1 

B«613E«>02 

9.265E^02 

.0 

l.OOOE+00 

-3.267E-01 

-3.30BE+02 

.0 

5.779E-01 

.0 

2.677E-02 

.0 

L.996E-01 

-U175E-01 

-1.438E-01 

22 

9.269E^02 

9.265E402 

.0 

l.OOOEfrOO 

-2.746E-01 

-3.963E*02 

.0 

6.077E-01 

.0 

3.305E-01 

.0 

1.966E-01 

4.356E-02 

-1.514E-01 

23 

1.0CIE*03 

9.265E^02 

.0 

l.0b0E*00 

-1.237E-01 

-4.70BE+02 

.0 

6.430E-01 

.0 

6.839E-01 

.0 

2.030E-01 

2.5046-01 

-1.221E-01 

24 

l.050E»03 

9.265E»02 

.0 

l.OOOE+00 

4.832E-02 

-5.193E*02 

.0 

6.668E-01 

-3*l64Efr0l 

9.197E-01 

.0 

Z.137E-01 

4.018E-01 

-7.494E-02 

25 

9.462E«'02 

l.032E^03 

.0 

l-bOOE^OO 

-2.698E-01 

-4.156E»02 

iO 

7.707E-01 

.0 

3.234E-01 

.0 

5.372E-01 

2.187E-01 

1.456E-01 

26 

l.004E^03 

l.032E*03 

• 0 

I.OOOE4-00 

6.356E-03 

-4.733E^02 

.0 

8.004E-01 

• 0 

6.097E-01 

.0 

5-627E-01 

4.209E-01 

2.491E-01 

27 

1.070E+03 

1.032E^03 

.0 

1.000E4-00 

4*287E-0l 

-5.392E»02 

.0 

R.348E-01 

.0 

9.413E-01 

.0 

5.966E-01 

6.6906*01 

3.971E-01 

28 

i.ll2E»03 

U032E»03 

.0 

UOOOEf'OO 

7.169E-01 

-5.819E^02 

.0 

8.572E-0I 

-2.867E*0l 

1.158E«00 

.0 

6.204E-01 

8.338E-01 

5.028E-01 

29 

l.0CBE*O3 

l.L10E«03 

.0 

l.000E*00 

2.356E-01 

-4.781E*02 

.0 

9,2UE-0l 

.0 

5.807E-01 

.0 

8.590E-01 

6.023E-01 

6.331E-01 

30 

l.061E*03 

l.MOEfOa 

.0 

l.OOOE^OO 

6.362E-01 

-5.301E*02 

.0 

9.490E-01 

• 0 

8.474E-01 

.0 

8.921E-01 

8.129E-0I 

7.805E-01 

31 

l,l20EtO3 

l.llOE+03 

• 0 

l.OOOE<“O0 

1.167E*00 

-5.091E»O2 

.0 

9.804E'0l 

.0 

1. LS2E«-00 

.0 

9.2B8E-01 

l.059E^00 

9.56BE-01 

32 

1.158E*03 

Ull0E*03 

.0 

U000E*00 

l.528E*00 

-6.278E»02 

.0 

l.001E*00 

-2.654E*01 

1.353F»00 

.0 

9.529E-01 

1.221E400 

l.074E*00 

33 

l.047E^03 

1.158E*03 

.0 

l.OOOEtOO 

6.782E-01 

-5.l62E«-02 

.0 

1.015E*00 

.0 

7.470E-01 

.0 

l.073E*00 

8.706E-01 

I.006E«00 

34 

1.095E«-03 

l.l5fiE*03 

.0 

1.000E4-O0 

1-119E^OO 

-5.647E+02 

.0 

1.041E^00 

.0 

9.981E-01 

.0 

1.104E^00 

1.073E+00 

1.1526^00 

35 

1.150E+03 

l.l53Ef03 

.0 

l.OOOE^OO 

U632E*00 

-6. 199E*02 

.0 

t.07QE*00 

• 0 

l.284E^00 

.0 

1.138E>00 

l.305E^00 

1.318E«00 

36 

l.l36E<-03 

1. 158E^03 

.c 

l.OOOFfrOO 

1.967F4-00 

-6.558E4>U2 

.0 

1.089E*00 

.0 

1.4 706^00 

.0 

K160E4-00 

1.455E«-00 

U426E<K)0 



OUTPUT POINT LOCinONS ARE SHIFTED LOCAL COOPDINATFS 


KOH 

X 

Y 

1 

SLOPE OZ/OX 






1 

U57UE4^02 

9.690E+01 

.0 

.0 

1.802E-05 

-9.7586-01 

.0 

-9.467E-05 

.0 

-3.651E-05 

.0 

2.6376-05 

B.791E-05 

-2.114E-05 

2 

3.340E>02 

9.690E^01 

• 0 

«0 

-5.170E-05 

-9.828E-01 

.0 

-8.263E-05 

.0 

-3. 0096-05 

.0 

-3.675E-06 

1.061E-04 

3.0156-0$ 

3 

5.3^3E»02 

9.690E»01 

*0 

*0 

7.269E-05 

-9.^476-01 

.0 

-1. 161E-04 

.0 

3.250E-05 

.0 

4.8526-05 

-4.622E-04 

-2. 6836-05 

4 

6.651E^02 

9.690Ef01 

• 0 

.0 

-2.350E-04 

-9.470E-01 

.0 

-4.306E-05 

• 0 

3.297E-05 

.0 

-9.875E-05 

-1.668E-04 

L.95IE-04 

5 

3.IB6E«02 

2.882E^02 

.0 

«0 

8.652E-05 

-7.209E-01 

.0 

-9.851E-05 

.0 

4.803E-06 

.0 

6.372E-05 

-2.633E-04 

-6«164E-K>5 

6 

4.614Et02 

2.882E^02 

• 0 

.0 

-4«539E-04 

-9.943E-01 

.0 

2.195E-05 

.0 

9.537E-05 

.0 

-2.452E-04 

-3.619E-04 

4.101E-04 

7 

6.238E^02 

2*882E»02 

• 0 

• 0 

-8,2l9E-04 

-9.9B6E-01 

*0 

5. 166E-05 

.0 

5.4196-04 

.0 

-4.874E-04 

-2.925E-03 

8.865E-04 

8 

7.2<18E^02 

2.882E»02 

• 0 

.0 

-1.024E-03 

“l-023E^00 

• 0 

9.596E-05 

.0 

9.36TE-04 

.0 

-7.061E-04 

-5.1586-03 

1.244E-03 

q 

4.726E«02 

4«716E>02 

.0 

• 0 

•4.214E-04 

-9.906E-01 

• 0 

l.087E'04 

• 0 

2 .4466- 04 

.0 

-3.702E-04 

-1.453E-03 

5.4I7E-04 

10 

5.836E^02 

4.716E<»02 

.0 

• 0 

-5.541E-04 

-9.918E-01 

.0 

1.529E-04 

.0 

5,782E-04 

.0 

-5.304E-04 

-3.501E-03 

8.140E-04 

U 

7,096E«'02 

4.716E«^02 

.0 

-.0 ' 
-4.848E-04 

-9.935E-01 

-1.000E«-00 

2.112E-04 

-.0 

7.586E-04 

-.0 

-6.266E-04 

-4.602E-03 

B.792E-04 

12 

7.918E«^02 

4«716E4>02 

.0 

-•0 ' 

-4.848E-04 

-9.935E-01 

-l.OOOE+00 

2. 112E-04 
-.0 

7.586E-04 

-l.OOOE^^OO 

-6.266E-04 

-4.602E-03 

8.792E-04 

13 

6.201E^02 

6.4Z1E»02 

.0 

.0 

-2.338E-04 

-9.999E-01 

.0 

4.411E-04 

.0 

6.167E-04 
• 0 

-3. 0436-04 

-5.408E-03 

3.772E-04 

U 

7.110E«>02 

6.421E^02 

• 0 

.0 

3.593E-04 

-l.OOOE^OO 

• 0 

3.754E-04 

.0 

1.668E-03 

.0 

-6.671E-04 

-3.654E-03 

-2.604E-04 

15 

B.I43E«02 

6.421E«02 

.0 

• 0 

6.665E>04 

-l.OOOE^OO 

.0 

3.576E-04 

.0 

2.585E-03 

.0 

-8.207E-04 

-2.003E-O3 

-8.740E-04 

16 

R.B18E4-02 

6.421E»02 

.0 

.0 

4.852E-04 

-9.998E-01 

.0 

3.936E-04 

*0 

2.85IE-03 

.0 

-7.090E-04 

-I.556E-03 

-1.058E-03 

17 

7.535E*02 

7.951E»02 

.0 

.0 

-2*4l0E-04 

-1.001E400 

• 0 

4.884E-04 

.0 

2.2B0E-03 
• 0 

-3.215E-04 

-2.799E-03 

-6.363E-04 



OUTPUT POINT LOCATIONS ARE SHIFTED LOCAL COOKDINATES 


ROW 

X 

Y 

1 

SLOPE 02/DY 






1 

1.57BE^02 

9.690E»01 

• 0 

• 0 

2.9T6F-0A 

2.2UE-01 

.0 

~2*906E-O5 

.0 

•A.619E-05 

.0 

1.270E-0A 

9. 006 E -05 

-2.3066-0A 

2 

1.1A0E«^02 

9.690E*01 

• 0 

• 0 

rU29AE-0A 

1.8S8E-01 

• 0 

A.7A5E-05 

«0 

-2.187E-05 

• 0 

-5.673E-05 

3*122E-0A 

7.6726-05 

3 

S.1A3E«02 

9.690E^01 

• 0 

• 0 

-8,760E-05 

-8.092F-02 

.0 

S.823E-06 

.9 

3.532E-05 

.0 

-A,095E-05 

-1.0A8E-OA 

7.982E-05 

A 

6.651E»02 

9.690EA01 

• 0 

• 0 

-U880E-0A 

1.23AE-01 

.0 

I.U9E-0A 

.0 

-I.A30E-0A 

• 0 

-1.270E-OA 

1* 2566-03 

1.031E-0A 

5 

3*186E«02 

2.882EA02 

• 0 

*0 

3*2B7E*0A 

A.828E-01 

.0 

2«218E-05 

.0 

-1 *8786-06 

.0 

U3A3F-0A 

U097E-03 

-3.09AE-OA 

6 

A.61AE«Q2 

2.882E«02 

• 0 

.0 

-1.907E-0A 

1.37AE-01 

«0 

U791E-0A 
• 0 

-2.105E-0A 

.0 

-1.959E-0A 

l«772E-03 

1.285E-OA 

7 

6.238E«02 

2.882E«^02 

• 0 

.0 

-2*I3LE-0A 

-1.678E-02 
• 0 

2«8A6E>0A 

• 0 

-6,332E-05 

.0 

-A«030E-0A 

9.535E-0A 

3.370E-0A 

8 

7«298EA02 

2*882E^02 

«0 

• 0 

-2.561E-0A 

-A.A52E-02 

.0 

3«578E-0A 

• 0 

2*11AE>0A 

.0 

-5.798E-0A 

-6.96BE-0A 

5.596E-0A 

9 

A.728E»02 

A.716EA02 

.0 

• 0 

5.076E-0A 

-3.683E-03 

• 0 

3.735E-0A 

.0 

-6.671E-0A 

.0 

-1*533E-0A 

A.008E-03 

-3.319E-OA 

10 

5.836E«02 

A.716E»02 

• 0 

• 0 

6*869E-0A 

-7*596E-33 
• 0 

A*60SE-0A 

• 0 

-5.975E-0A 

.0 

-2«036E-0A 

3*2686-03 

-3.512E-OA 

11 

7«096E»02 

A.716EA02 

• 0 

• 0 

7*A13E^A 

5.13AE-03 

.0 

5.553E-0A 

• 0 

-6.395E-0A 

.0 

-U916E-0A 

U93AE-03 

-2.7A1E-0A 

12 

7.918E«02 

A,716E«02 

*0 

• 0 

9.9A0E-0A 

-6.51AE-03 

.0 

6*2B8E-0A 

.0 

-6.623E-0A 

•8«761E-16 

-2*00AE -OA 

I .8786-03 

-A.038E-0A 

11 

6.201EA02 

6«A21E«02 

• 0 

«0 

A.OAAE-OA 

-S.306E-0A 

• 0 

9.612E-0A 
• 0 

-2*0766-03 

• 0 

7«620E-0A 

-7.A92E-0A 

-3.7AOE-OA 

lA 

7«1IOE*02 

6.A21EA02 

.0 

• 0 

U037E-03 

-7.656E-0A 
• 0 

B.939E*0A 

.0 

-8.927E-0A 
• 0 

3.6A3E-0A 

1.1516-03 

-t.08AE-03 

IS 

8,IA3E>02 

6«A21E«0Z 

.0 

• 0 

9.9A3E-0A 

-7.9A9E-0A 

• 0 

9.296E-0A 

«0 

-3.177E-0A 

.0 

A*177E-0A 

2.095E-03 

-1.5016-03 

16 

8.818E^02 

6«A21E^02 

.0 

• 0 

3.AA6E-0A 

-5.217E-0A 

.0 

1.037E-03 

• 0 

-5.9AAE-0A 

• 0 

8.L28E-0A 

I.A06E-03 

-1.3T56-03 

17 

7.535E*02 

7«95IE»02 

.0 

• 0 

-9.56AF-0A 

-2.A30E-03 

.0 

K216E-03 

• 0 

-1.388E-03 

• 0 

1. 5326-03 

-1.3776-03 

-A.9136-0A 



lU 


IB 

8.295 E 4-02 

7.951 E *02 

.C 

.0 

-3. 9316-04 

-9.9926-01 

• 0 

4.4166-04 

• 0 

3.5536-03 

.0 

-4.132 F -04 

-1.1956-04 

-1.0796-03 

19 

9.159 E ^02 

7.951 E *02 

.0 

.0 

-6.2856-04 

-9.978 F -01 

• 0 

3. 761 F -04 

• 0 

4.570 E -03 

.0 

-4.971 E -04 

2.182 E -03 

-1. 2456-03 

20 

9.724 E +02 

7.9516*02 

.0 

.0 

8.7156-05 

-1.0016*00 

.0 

4.2866-04 

.0 

4.4646-03 

.0 

-2.7376-04 

1.9686-03 

-7.7646-04 

21 

8.613 E «^02 

9.265 E *02 

.0 

.0 

2.2636-04 

-9.9996-01 

.0 

4.4556-04 

.0 

4.5786-03 

.0 

-1.0896-04 

2. 3036-03 

-3.3856-04 

22 

9.268 E «^02 

9.2656*02 

.0 

.0 

1.4726-03 

-9.9996-01 

.0 

4.6786-04 

.0 

4.7016-03 

• 0 

4.3126-05 

2.6496-03 

1.919 E -04 

23 

I . OC 1 E «>03 

9.265 E *02 

• 0 

.0 

2.7316-03 

-9.9996-01 

.0 

4.8106-04 

.0 

4.7996-03 

*0 

1.4996-04 

2.9466-03 

6.6536-04 

2^ 

l . OSOE^OS 

9.2656*02 

.0 

-.0 

3.3796-03 

-1.0006*00 

-.0 

4.8536-04 

-8.4896-01 

4.8336-03 

-.0 

1.8506-04 

3.0546-03 

8.6356-04 

25 

9.462 E ^ Q 2 

1.032 E *03 

.0 

.0 

4.0506-03 

-9.9986-01 

• 0 

5. 1186-04 

.0 

4,9236-03 

• 0 

4,1556-04 

3.3906-03 

1.6066-03 

26 

1. 0046^03 

1.0326*03 

• 0 

• 0 

5.8326-03 

-9.9996-01 

.0 

5.2286-04 

*0 

5.0186-03 

.0 

5.060 E -04 

3.6936-03 

2. 1376-03 

27 

1.070 Ef 03 

1.0326*03 

• 0 
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